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"Once iri a blue moon" describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 um in 
diameter, form in abundance—an exceedingly rare event? 
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As rare as a seizure on Dilantin 
phenytoin 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way.? 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 .g/mL),? often with 
once-daily therapy (Dilantin Kapseals"), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That's why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 
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(phenytoin) 
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Dilantin® KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
Dosage and Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 

dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
eR impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see "Warnings" section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
phenytoins interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states 
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referred to as "delirium; “psychosis,” or “encephalopathy” or rarely irreversible cerebellar 
dysfunction, Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive: if symptoms persist, 
termination is recommended. (See Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which itis not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpful 
when possible drug interactions are suspected. The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcohol 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, H»-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid 
preparations containing calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic 
acid, and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
Susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin 
include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may 
Cause decreased serum levels of protein-bound iodine 
(PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may 
cause increased serum levels of glucose, alkaline phos- 
phatase, and gamma glutamyl transpeptidase (GGT). 
Carcinogenesis: See “Warnings” section for informa- 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin therapy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. There 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has beén observed in patients receiving 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have 
included scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most 
common; other types of dermatitis are seen more rarely. Other more serious forms which may 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported 
in association with administration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usually 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic 
lupus erythematosus, immunoglobulin abnormalities, 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may become 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 
meg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 mcg/mL, but 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity. As much 
as 25 times the therapeutic dose has been taken to result in a serum concentration over 100 
mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and 
appropriate supportive measures employed. Hemodialysis can be considered since phenytoin 
is not completely bound to plasma proteins. Total exchange transfusion has been used in the 
treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be 
borne in mind. 
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Dosage Guidelines 

Individualized dosage—a key to clinical 
success with SINEMET 

e begin when symptoms first interfere with 
normal function 

@ adjust as necessary to help maintain relief of 
symptoms 


For initial therapy... 
Start with: 


SINEMET 25-100 
containing 25 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


one tablet t.i.d. 


If necessary, to control symptoms, dosage may 
be increased by one tablet every day or every 
other day until a dosage of eight tablets of 
SINEMET 25-100 a day is reached. 


When it is evident that patients 
need more levodopa... 
Transfer to: 


SINEMET 25-250 
containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 

If still more levodopa is necessary, dosage with 
SINEMET 25-250 may be increased by one-half 
to one tablet every day or every other day to a 
maximum of eight tablets a day. 


When individualizing dosage... 
Titrate with: 


SINEMET 10-100 
containing 10 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


or SINEMET 25-100 
or SINEMET 25-250 


The optimum daily dosage of SINEMET must 
be determined by careful titration in each 
patient. Tablets of the three strengths may be 
given separately or combined as needed to 
provide the optimum daily dosage. 


For patients transferred 


from levodopa 

DISCONTINUE LEVODOPA AT LEAST 

8 HOURS BEFORE STARTING SINEMET. 

The starting dose for SINEMET should provide 
about 25 percent of previous levodopa require- 
ments. (Patients receiving less than 1500 mg of 
levodopa a day should be started on one tablet 
of SINEMET 25-100 t.i.d. or q.i.d.) 


For full details on dosage and 
administration, see Prescribing 
Information. 
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For many parkinsonian patients when symptoms first impair normal function É; 


Sinemet’ 
(Carbidopa-Levodopa | MSD) 


When SINEMET is to be given to patients who are 
being treated with levodopa, levodopa must be dis- 
continued at least 8 hours before therapy with 
SINEMET is started. In order to reduce adverse reac- 
tions, itis necessary to individualize therapy. See the 
WARNINGS (below) and DOSAGE AND ADMINIS- 
TRATION sections in the Prescribing Information 
before initiating therapy. 

Contraindications: MAO inhibitors and SINEMET should 
not be given concomitantly. MAO inhibitors must be dis- 
continued at least 2 weeks prior to initiating therapy with 
SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant mela- 
noma, it should not be used in patients with suspicious, 
undiagnosed skin lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 
hours before SINEMET is started. SINEMET should be sub- 
stituted at a dosage that will provide approximately 25 
percent of the previous levodopa dosage. (See DOSAGE 
AND ADMINISTRATION section of Prescribing Information.) 
Patients taking SINEMET should be instructed not to take 
additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary 
movements and mental disturbances. These reactions may 
be due to increased brain dopamine following administra- 
tion of levodopa. All patients should be observed carefully 
for development of depression with concomitant suicidal 
tendencies. Treat with caution patients with past or current 
psychoses. Because carbidopa permits more levodopa to 
reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with 
SINEMET than with levodopa. Occurrence of dyskinesias 
may require dosage reduction. 

SINEMET should be administered cautiously to 
patients with severe cardiovascular or pulmonary disease, 
bronchial asthma, renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with 
levodopa, to patients with history of myocardial infarction 
who have residual atrial, nodal, or ventricular arrhythmias. In 
such patients, cardiac function should be monitored with 
particular care during period of initial dosage adjustment, in 
a facility with provisions for intensive cardiac care. 

As with levodopa, there is possibility of upper GI hem- 
orrhage in patients with history of peptic ulcer. 

A symptom complex resembling the neuroleptic 
malignant syndrome including muscular rigidity, elevated 
body temperature, mental changes, and increased serum 
creatine phosphokinase has been reported when anti- 
parkinsonian agents were withdrawn abruptly, There- 
fore, patients should be observed carefully when the 
dosage of SINEMET is reduced abruptly or discontinued, 
especially if the patient is receiving neuroleptics. 

Usage in Pregnancy and Lactation: Although effects 
of SINEMET on human pregnancy and lactation are 
unknown, both levodopa and combinations of carbidopa 
and levodopa have caused visceral and skeletal malforma- 
tions in rabbits. Use of SINEMET in women of childbearing 
potential requires that anticipated benefits of the drug be 
weighed against possible hazards to mother and child. 
SINEMET should not be given to nursing mothers. 

Usage in Children: Safety of SINEMET in patients 
under 18 has not been established. 

Precautions: As with levodopa, periodic evaluations of 
hepatic, hematopoietic, cardiovascular, and renal function 
are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular pres- 
sure is well controlled and patient is monitored carefully for 
changes in intraocular pressure during therapy. 

Laboratory Tests: Abnormalities in laboratory tests may 
include elevations of liver function tests such as alkaline 
Phosphatase, SGOT (AST), SGPT (ALT), lactic dehydroge- 
nase, and bilirubin. Abnormalities in protein-bound iodine, 
blood urea nitrogen, and positive Coombs test have also 
been reported. Commonly, levels of blood urea nitrogen, 
creatinine, and uric acid are lower during administration of 
SINEMET than with levodopa. 


Manufactured by 
Merck Sharp & Dohme 
Div. of Merck & Co., Inc., West Point, PA 19486, USA 


SINEMET® (Carbidopa-Levodopa, MSD) may cause a 
false-positive reaction for urinary ketone bodies when a test 
tape is used for determination of ketonuria. This reaction will 
not be altered by boiling the urine specimen. False-negative 
tests may result with the use of glucose-oxidase methods of 
testing for glucosuria. 

Drug Interactions: Caution should be exercised when 
the following drugs are administered concomitantly with 
SINEMET. 

Symptomatic postural hypotension can occur when 
SINEMET is added to the treatment of a patient receiving 
antihypertensive drugs. Therefore, when therapy with 
SINEMET is started, dosage adjustment of the antihyper- 
tensive drug may be required. For patients receiving 
monoamine oxidase inhibitors, see CONTRAINDICATIONS 
(above). 

There have been rare reports of adverse reactions, 
including hypertension and dyskinesia, resulting from the 
concomitant use of tricyclic antidepressants and SINEMET. 

Phenothiazines and butyrophenones may reduce the 
therapeutic effects of levodopa. In addition, the beneficial 
effects of levodopa in Parkinson's disease have been 
reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be care- 
fully observed for loss of therapeutic response. 

Adverse Reactions: Most common serious adverse reac- 
tions occurring with SINEMET are choreiform, dystonic, 
and other involuntary movements. Other serious adverse . 
reactions are mental changes including paranoid ideation 
and psychotic episodes, depression with or without devel- 
opment of suicidal tendencies, and dementia. Convulsions 
also have occurred; however, a causal relationship with 
SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregulari- 
ties and/or palpitation, orthostatic hypotensive episodes, 
bradykinetic episodes (the “on-off” phenomenon), 
anorexia, vomiting, and dizziness. 

Rarely, GI bleeding, development of duodenal ulcer, 
hypertension, phlebitis, hemolytic and non-hemolytic ane- 
mia, thrombocytopenia, leukopenia, and agranulocytosis 
have occurred, 

Laboratory tests which have been reported to be 
abnormal are alkaline phosphatase, SGOT (AST), SGPT 
(ALT), lactic dehydrogenase, bilirubin, blood urea nitrogen, 
protein-bound iodine, and Coombs test. 

Other adverse reactions that have been reported with. 
levodopa are: Nervous System: ataxia, numbness, 
increased hand tremor, muscle twitching, muscle cramps, 
blepharospasm (which may be taken as an early sign of 
excess dosage, consideration of dosage reduction may be 
made at this time), trismus, activation of latent Horner's 
syndrome. Psychiatric: contusion, sleepiness, insomnia, 
nightmares, hallucinations, delusions, agitation, anxiety, 
euphoria. Gastrointestinal: dry mouth, bitter taste, sialor- 
rhea, dysphagia, bruxism, hiccups, abdominal pain and 
distress, constipation, diarrhea, flatulence, burning sensa- 
tion of tongue. Metabolic: weight gain or loss, edema. 
Integumentary: malignant melanoma (see also CON- 
TRAINDICATIONS), flushing, increased sweating, dark 
sweat, skin rash, loss of hair. Genitourinary: urinary reten-. 
tion, urinary incontinence, dark urine, priapism. Specie 
Senses: diplopia, blurred vision, dilated pupils, oculogyric 
crises. Miscellaneous: weakness, faintness, fatigue, 
headache, hoarseness, malaise, hot flashes, sense of stim “ 
ulation, bizarre breathing patterns, neuroleptic malignant 
syndrome. 

Overdosage: Management of acute overdosage with 
SINEMET is basically the same as management of acute 
overdosage with levodopa; however, pyridoxine is not effec- 
tive in reversing the actions of SINEMET. 

How Supplied: Tablets of SINEMET 10-100, SINEMET 
25-100, and SINEMET 25-250 are supplied in bottles of 
100 and unit dose packages of 100. 

Storage 

Tablets SINEMET 10-100 and Tablets SINEMET 25-25( 
must be protected from light. 
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Information. (117) 
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The STEAMBOAT NEUROSURGICAL SYMPOSIUM 
and MIDAS REX ™ Institute present 








SIMULTANEOUS NEUROSURGICAL SESSIONS 
cosponsored by 
Mayfield Neurological Institute and Department of Neurosurgery, University of Cincinnati Medical Center, 
Good Samaritan Hospital, The Christ Hospital 


STEAMBOAT 
NEUROSURGICAL SYMPOSIUM 
*Innovations in Spinal and Intracranial Surgery" 
6:30-9:00 a.m. and 4:00-6:00 p.m. daily. 
FEBRUARY 25 - MARCH 2, 1990 


COURSE DIRECTORS 
John M. Tew, Jr., M.D. * William D. Tobler, M.D. 
Thomas S. Berger, M.D. * Bert H. McBride, M.D. 


FACULTY 

Thomas S. Berger, M.D. * Derek Bruce, M.D.,Ch.B. 
Arthur L. Day, M.D. * Jeffrey Keller, Ph.D. 
Stephen J. Pomeranz, M.D. * Jon Robertson, M.D. 
Volker Sonntag, M.D. * Bennett Stein, M.D. 
John M. Tew, Jr., M.D. * William D. Tobler, M.D. 
Thomas Tomsick, M.D. 
CREDIT 
This course is approved for 20 hours credit in 
Category I, toward the CME award in neurosurgery. 
TUITION FEE 

$600.00 — payable with pre-registration. A $50 can- 
cellation fee will be charged for withdrawals after 
January 30, 1990. All foreign payments must be made 
by a draft on a U.S. bank. Tuition includes opening 
cocktail party, continental breakfast daily and ban- 
quet for registrants. 
Checks payable: Steamboat Neurosurgical 
Symposium. 
Mail to: Steamboat Neurosurgical Symposium, 506 
Oak Street, Cincinnati, OH 45219. 
For further information, write or phone: Sheila 
Stuckey, Program Coordinator, Mayfield Neurologi- 
cal Institute, 506 Oak Street, Cincinnati, OH 45219. 
Phone: 513-569-5251 


MIDAS REX HANDS-ON WORKSHOP* 
7:00 a.m. to 1:00 p.m. each day. 
FEBRUARY 26-27-28, 19 
Monday, Tuesday, Wednesday 
*Modern Dissection Techniques of Bone, 
Biometals, Bioceramics, and Bioplastics" 
(Neuro 700) 
COURSE DIRECTORS 
John M. Tew, Jr., M.D. * Thomas S. Berger, M.D. 
William D. Tobler, M.D. * Susan Mitchell, Ed.D. 
Norman McDaniel, Ph.D. 
GUEST FACULTY 
John M. Tew, Jr., M.D. * William D. Tobler, M.D. 
Thomas S. Berger, M.D. 
CONFERENCE OBJECTIVES 
The hands-on conference is offered to familiarize sur- 
geons with state-of-the-art pneumatic instrumentation 
so that bone working problems will be refined, expe- 
dited and facilitated. Emphasis on precision of dissec- 
tion. 
CREDITS 
CME credit; Category II, 18 hours. 
FEE 


Surgeon—US $965.00; Resident— US $585.00 (with 
letter from department head); All Operating Room 
Personnel (RN/PA/CST/Other)— US $250.00. En- 
rollment is limited. Please call to reserve space before 
sending check or arranging travel plans. All enroll- 
ments and fee payments should be made through the 
Midas Rex office in Fort Worth. 

Continental breakfast each morning. Dinner discus- 
sion for faculty, enrollees and guests, February 27. 
For additional information, call or write: Midas Rex 
Institute, 2929 Race Street, Fort Worth, TX 76111. 
Phone: 800-433-7639. 


*SIMULTANEOUS MIDAS REX HANDS-ON WORKSHOP: At the request of the Steamboat Neurosurgical 
Symposium, a Midas Rex Hands-On Workshop has been scheduled which overlaps some of the Symposium. Enrollees 
in the Midas Rex Hands-On Workshop should meet the schedule of that workshop; they may attend the Neurosurgical 

Symposium at those times when there is no conflict with the Midas Rex Workshop schedule. 
JOINT FEE: For those who enroll in the Midas Rex Hands-On Workshop, there is no additional fee for 


participation in the Steamboat Neurosurgical Symposium. 


SEPARATE ENROLLMENTS: A separate enrollment form must be sent to each course. Enclose the Midas Rex course 
fee with that enrollment; indicate on the Steamboat Neurosurgical Symposium enrollment blank that you are enrolling 










Sheraton Steamboat Resort 
2200 Village Inn Court 

Steamboat Springs, CO 80477 
303-879-2220 © 800-325-3535 


in the Midas Rex Hands-On Workshop. 






MIDAS REX™ Institute 
NEW YORK Cl I Y t HANDS-ON WORKSHOPS* 
115 E. 61st Street (between Park and Lexington) 
"Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics" 









(NEURO 700)* AREA ATTRACTIONS: 
For NEUROSURGEONS, PLASTIC, ENT, CRANIO- SIGHTSEEING—Bronx Zoo, Brooklyn Botanic Garden, Coney 

































FACIAL, and MAXILLOFACIAL SURGEONS . Island, Empire State Building, New York Aquarium, Staten 
CESQUARY £-0-10 15-16-17 ART—American Museum of Pho aes, a see 
MARCH 19-20-21 26-27-28 of the Arts, Brooklyn Museum, Solomon R. Guggenheim 
APRIL 2-3-4 + 19-20-21 Museum, Metropolitan Museum of Art, Museum of Modem 
MAY 10-11-12 * 21-22-23 


Art. 
JUNE 4-5-6 * 18-19-20 MUSIC, DANCE AND THEATER—Camegie Hall, Lincoin 


Center, Lehman Center for Performing Arts, Metropolitan 

















(ORP 700)* Opera, and a wide variety of Broadway and off Broadway 
For OR PERSONNEL only: plays in the evenings. 
FEBRUARY 19-20-21 SPORTS— Baseball, football, basketball, hockey, boxing, etc. 






in season. 


- ENROLLMENT: Fee (US$) Surgeon $965.00; Resident 
- $585.00 (with letter from Department Head); All Operating 
E — Room Personnel (RN/CST/PA/Other) $250.00. Make check 
=== to "New York City Symposium." Mail to: Midas Rex Institute, 
= 2929 Race Street, Fort Worth, Texas 76111. Phone: 800-433- 
7639 or 817-831-2604. 

"Enrollment is limited. Please call to reserve space before 
sending check or arranging travel plans. All enrollments 
are made through the Midas Rex office in Fort Worth. 
= = SE Join the more than 7,800 
: enrollees who have completed 
Midas Rex Hands-On Workshops. 
(3,900 Orthopaedic Surgeons; 
1,650 Neurosurgeons; 

2,300 OR Personnel) 


APRIL 16-17-18 





















WORKSHOPS: The workshops are held each day from & 

7:00 a.m. to 1:00 p.m. They will emphasize a series of struc- 3 

tured exercises, utilizing appropriate animal bones, skeletal 3 
bones, bioplastics and biometals. 


NEUROSURGEONS dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR PERSONNEL —dissection skills 
to become familiar with the applica- 
tions of power instrumentation; dis- 
cussion of and participation in prob- 
lem solving, care, and proper main- 

tenance of power equipment. 















lew York Convention and Visitors Bureau 





June 27-28-29, 1990 


Traverse Gity 


Symposia/Hands-On Workshops Cosponsored by 


m For Neurosurgeons, Plastic, ENT, Craniofacial Henry Ford Neurological Institute 
and Maxillofacial Surgeons (Neuro 700) 7 g 


m For Operating Room Personnel (ORP 700) Department of Neurological Surgery 


“Modern Dissection Techniques of Henry Ford Hospital Division 
Bone, Biometals, Bioceramics and Bioplastics” and MIDAS REX" Institute 


COURSE DIRECTORS: M. Dujovny, M.D.; Susan Mitchell, Ed.D.; Lee Sobania, Ph.D. 


* SYMPOSIUM FORMAT: Workshops: 7:30 a.m. to 
1:30 p.m. each day, with emphasis on hands-on 
exercises utilizing appropriate animal bones, 
Skeletal bones, bioplastics, and biometals for 
dissection in the cranium and spine. OR personnel 800-678-1308 
will participate in the same activities. 616-938-2100 


* ENROLLMENT IS LIMITED. Please call before sending check or making travel plans. All enrollments made 
through the MIDAS REX office in Fort Worth, Texas, U.S.A. 


* ENROLLMENT FEE: (U.S.$): Su $965.00; Fellow/Resident $585.00 (with letter from Department Head); All 
Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to "Traverse City Symposium." 
Mail to: MIDAS REX Institute, 2929 Race Street, Fort Worth, TX 76111 ,U.S.A. 
Phone: 817-831-2604. FAX: 817- 834-4835. 
*An Orthopaedic Symposium will be conducted simultaneously in a separate room. 
ospitality and some lectures will be combined. 


Join the more than 7,800 enrollees who have completed MIDAS R EX Hands-On Workshops 









Grand Traverse Resort Village 
6300 U.S. 31 North 
Grand Traverse Village, MI 49610 





































Magnevist 
. (gadopentetate 
AimegluMine) necnon 





-— ` 
Please see Warnings, Precautions 
and Adverse Reactions sections | OF T 


HE 
in full prescribing inf ti FOR MR EARS 
ull prescribing information N OW INDICATE N CHILDREN TWO Y R 





for MAGNEVIST' injecti 
= last page of fe ca AI RAIN AN DER (THERE S E 
O NICA 
TED CU 
ONLY LIM ) 


FOR USE IN SPINE), 


Magnevist (gadopentetate dimeglumine) necnon 
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Provides contrast enhancement 
and facilitates visualization’ 


Following MAGNEVIST' injection, Tl-weighted MRI 
scans provide contrast enhancement to facilitate 





astrocytoma 
Tl-weighted MRI scan 
pre-MAGNEVIST* 
injection 

(TR 6OO, TE 20) 


Astrocytoma 
Courtesy G. Sze, MI 

, Yale University School 
of Medicine, 

New Haven, Conn 


Tl-weighted MRI scan 
post-MAGNEVIST* 
injection 

(TR 600, TE 20) 


Clearly 
delineated 
lesion. 


© 1989, Berlex Laboratories, Inc. All rights reserved. 












visualization of lesions in the spine and associated 
tissues, 

Post-MAGNEVIST” injection Tl-weighted scans 
gave additional information about the configuration, 
location, size and number of lesions observed 
in patients. 


drop metastases 
Tl-weighted MRI scan 
pre-MAGNEVIST 
injection 

(TR 6OO, TE 20) 


Drop Metastases 

Reprinted from Sze G, 

Abramson A JG etal 

Gadolinium-DTPA in the 
$ evaluation of intradural 

extramedullary 

spinal disease. 

AJNR. 1988:9:153-163 





Tl-weighted MRI scan 
post-MAGNEVIST" 
injection 

(TR600, TE 20) 


Clearly 
delineated 
lesions. 


MRI OF THE SPINE 


Distinguishes scar tissue from disc' 


In patients with recurrent postoperative back pain, 


enhancement with MAGNEVIST' injection helped 
distinguish scar tissue from recurrent or persistent 
disc herniation in 9596 of patients (55/58). 


reherniated disc 
T1-weighted MRI scan 
pre-MAGNEVIST 
injection 

| (TR6OO, TE 20) 





Reherniated Disc 





Ti-weighted MRI scan 
post-MAGNEVIST* 
injection 

(TR 500, TE 20) 


Confirmed 
recurrent 
disc herniation. 


Well tolerated' 

In all clinical trials (600 patients), the most 
common adverse reactions reported were 
headache (8.7%) and injection-site coldness 
(4.8%). The majority of headaches were transient 
and of mild to moderate severity. In clinical trials, 
15% to 30% of patients experienced an asympto- 
matic transient rise in serum iron; hypotension 
occurred in less than 1% of the patients. The safety 
of MAGNEVIST” injection in patients with hemolytic 
disorders has not been studied. 


Dosage and administration 

Dosing for patients with spinal lesions is the 

same as for those with intracranial lesions. Please 
refer to Dosage and Administration section in full 
prescribing information. 

Please see Warnings, Precautions and Adverse 
Reactions sections in full prescribing information 
for MAGNEVIST' injection on last page of this 
advertisement. 
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|. Data on file Berlex Laboratories, Inc. 





Magnevist FACILITATES 
Coco naoa VISUALIZATION 
e morean OF INTRACRANIAL 
LESIONS 


HELPS DETECT INTRACRANIAL LESIONS’ 
MAGNEVIST' injection can assist diagnostic ability 
and enable the detection of additional lesions. 


multiple meningioma Ti-weighted MRI scan 
Ti-weighted MRI scan post-MAGNEVIST' injection 
pre-MAGNEVIST' injection (TR 8OO, TE 25) 

(TR 800, TE 25) 


ENABLES MORE PRECISE DELINEATION 

OF LESIONS IN TI- WEIGHTED IMAGES! 
Post-MAGNEVIST" injection Tl-weighted scans 
showed quantitative increases in contrast, 
differentiating surrounding tissue from mass lesion. 


glioma Ti-weighted MRI scan 
Tl-weighted MRI scan post-MAGNEVIST' injection 
pre-MAGNEVIST® injection (TR 65O, TE 20) 

(TR 650, TE 20) 

1. Data on file, Berlex Laboratories, Inc. 

Please see full prescribing information for MAGNEVIST" injection 
on last page of this advertisement. 
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MAGNEVIST 


(brand of gadopentetate dimeglumine) 
Injection 
BRIEF SUMMARY 60621-5 





DESCRIPTION 


MAGNEVIST® (brand of gadopentetate dimeglumine) cca is the N-methylgiucamine 
salt of the gadolinium complex of diethylenetriamine pentaacetic acid, and is an injectable 


contrast medium for manele resonance imaging (MRI). Gadopentetate dimeglumine is 
to be administered by infravenous injection. 


Each mL of MAGNEVIST® Injection contains 469.01 mg gadopentetate dimeglumine, 0.39 
mg meglumine, 0.15 mg diethylenetriamine pentaacetic acid and water for injection. 
MAGNEVIST® Injection contains no antimicrobial preservative. 


MAGNEVIST® Injection is provided as a sterile, clear, colorless to slightly yellow aqueous 
solution. 


INDICATIONS AND USAGE 

MAGNEVIST® Injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularify or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known. 


WARNINGS 


The accepted safety considerations and procedures that are required for magnetic 
resonance imaging are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. In addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies to align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment pw entetate dimeglu- 
mine may pend potentiate sickle erythrocyte alignment. MAGNEVIST® Injection in 
patients with sickle cell anemia and other hemoglobinopathies has not been studied. 


Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. In clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 
reaction which was described as mild by the patient and occurred 


experienced syncope after arising from a sitting position two hours 

after administration of the drug. Although the relationship of 

gadopentetate dimeglumine to these events is uncertain, patients should be observed for 
several hours after drug administration. 


PRECAUTIONS - General 


Diagnostic procedures that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed. 


In a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure. 


Since gadopentetate dimeglumine is cleared from the body e| Menon filtration, caution 
should be exercised in patients with severely impaired renal function. 


Animal studies Suggest that gadopentetate dimeglumine may alter red cell membrane 
morphology resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-3096 of the patients experienced an asymptomatic transient rise in serum iron. 
Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimeglumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 

When MAGNEVIST® Injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 

Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


Information for Patients: 

Patients receiving MAGNEVIST® Injection should be instructed to: 

1. Inform your physician if you are pregnant or breast feeding. 

2.Inform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimeglumine. 


Gadopentetate dimeglumine did not evoke any evidence of mutagenic potential in the 

_ Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimeglumine did not induce 
a positive response in the (C3H 1071/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair — in primary cultures of rat 
hepatocytes at concentrations up to 5000 ug/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively. 


The results of a reproductive study in rats showed that gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
pregnancy rate in comparison fo a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of festis and epididymis 
occurred in male rats at the 2.5 mmol/kg dose. In female rats a decreose in the number 
of corpora lutea at the O.1 pad dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 


In a separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimeglumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 


PREGNANCY CATEGORY C. 

Gadopentetate dimeglumine has been shown to retard development slightly in rats when 
iven in doses 2.5 times the human dose, and in robbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 

doses 2.5 times the human dose. No congenital anomalies were noted in either species. 

There are no adequate and well-controlled studies in ronnan women. MAGNEVIST® 

e enou be used during pregnancy only if the potential benefit justifies the potential 

risk to the fetus. 


NURSING MOTHERS 

C14 labelled gadopenioata dimeglumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
via the milk during the 24-hour evaluation period. It is not known to what extent MAGNEVIST® 
Injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 


Safety and efficacy in children under the age of 2 years have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 


The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate AG In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® Injection. Injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausea occurs in 3.2% of the patients. 
Localized pain, vomiting, paresthesia, dizziness and localized warmth occur in less than 2% 
of the patients. 
The following additional adverse events occur in less than 1% of the patients: 
Body as a Whole: Injection site symptoms, namely, pain, warmth, burning; localized burning 
sensation, substernal chest pain, fever, weakness, generalized coldness, localized edema, 
tiredness, chest tightness, regional lymphangitis. 

Cardiovascular: painoon, vasodilation, pallor, non-specific 

na pectoris, phlebitis. 


= $ ECG changes, an 
Digestive: Gastrointestinal distress, stomach pain, teeth pain, 
increased salivation. 
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Nervous System: Agitation, thirst, convulsions (including grand mal). 
Respiratory System: Throat irritation, rhinorrhea, sneezing, 
dyspnea, wheezing, laryngismus, cough. 

Skin: Rash, sweating, pruritus, urticaria (hives). 

ae Senses: Tinnitus, conjunctivitis, visual field defect, taste 
abnormality, dry mouth, lacrimation disorder (tearing), eye irritation. 
Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted. 

Body as a Whole: Back pain, pain, generalized warmth. 

Cardiovascular: Hypertension, tachycardia, migraine, syncope. 

Digestive: Constipation, diarrhea. 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 

Skin: Facial edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain. 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate dimeglumine injection in mice is 
542.5 mmol/kg and in rats it is 10-15 mmol " The LDso of intravenously administered 
MAGNEVIST® Injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 

The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg (0.1 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 
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To ensure complete injection of the contrast medium, the injection should be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® Injection. 


Parenteral products should be inspected visually for particulate matter and discoloration 
prior to administration, whenever solution and container permit. 

For full prescribing information, see package insert. 

Caution: Federal Law Prohibits Dispensing Without Prescription. 
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Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal 
letter signed by all authors must accompany this (see “Instructions for Authors”). 


Cerebral Lymphoma and Central 
Hyperventilation 


To the Editor.—The case report by 
Pauzner et al' describing sustained 
hyperventilation in a woman with pri- 
mary cerebral lymphoma holds great 
interest in correctly identifying how 
often this type of tumor has been 
associated with the neurogenic over- 
breathing syndrome. One or two 
points, however, deserve comment. 

The authors conclude that their pa- 
tient did not have tumor invading the 
brain stem because computed tomog- 
raphy revealed no abnormality. Per- 
haps. But primary lymphoma often 
spreads to paraventricular structures 
and meninges. Furthermore, com- 
puted tomographic scanning overlooks 
small brain-stem lesions, and not all 
primary lymphomas take up contrast 
marker. Admission neurological ex- 
aminations on the patient describe 
drowsiness, left-gaze paralysis, diffuse 
phasic spasticity (increased deep ten- 
don reflexes in four extremities), and 
bilateral extensor plantar responses. 
This combination in the absence of 
lateral ventricular dilatation or com- 
puted tomographic evidence of down- 
wards herniation or shift could equally 
well, or better, be taken as signifying 
primary  brain-stem dysfunction 
rather than mere callosal invasion by 
the neoplasm. After radiation she 
“lapsed into coma," an unlikely conse- 
quence of lesions confined to the cere- 
bral hemispheres, even after radiation 
therapy. 

Pauzner and coworkers cite the case 
of Bateman et al? as identifying no tu- 
mor of the brain stem. What Bateman 
and coworkers did find, however, was 
widespread, unexplained “microglio- 
sis” of the hypothalamus and mid- 
brain, neighboring closely on the pon- 
tine tegmental regions in which neo- 
plasms have been identified, associated 
with central hyperventilation in the 
past.’ 

The recorded cerebrospinal fluid pH 
value of 7.7 in the report by Pauzner 
and coworkers suggests a technical 
artifact, and probably should be dis- 


10 Arch Neurol— Vol 47, January 1990 


counted when attempting to determine 
mechanisms of the hyperventilation. 
The cerebrospinal fluid is extremely 
poorly buffered compared with blood, 
and depends entirely on bicarbonate to 
balance carbonic acid-related hydro- 
gen ions generated by carbon dioxide 
diffusing from the tissue. Both theo- 
retical and empirical data* offer over- 
whelming evidence that carbon diox- 
ide tensions always are higher, and 
that bicarbonate and pH values always 
are lower in cerebrospinal fluid than 
arterial blood, except during metabolic 
acidosis, which, by definition, this pa- 
tient did not have. The pH of cere- 
brospinal fluid is not easy to measure 
accurately, especially when bicarbon- 
ate levels are reduced. In this case, one 
suspects that inadvertent air exposure 
of the fluid allowed the carbon dioxide 
to escape, leading to a falsely alkaline 
value. 

Technical considerations aside, the 
important point remains that primary 
lymphoma has become recognized as 
the most common tumor causing mo- 
notonously sustained continuous, pre- 
sumably central, hyperventilation. 
Whether the tumor exerts its action by 
some mechanical effect of its locus, its 
tendency to spread along periventric- 
ular roots and meninges, or by secret- 
ing an undiscovered respiratory stim- 
ulant, remains to be determined. Tis- 
sue acidity seems an unlikely cause, 
since at least experimental glioma tu- 
mors have been found to maintain a 
normal pH while inducing intercellu- 
lar alkalinity in their surround.’ The 
mechanisms are as yet unexplained. 

FRED PLUM, MD 
Department of Neurology 
New York Hospital 


Cornell Medical Center 
New York, NY 10021 
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In Reply.—We thank Dr Plum for his 
interesting comments. The main point 
in our article is that primary cerebral 
lymphoma is the most common tumor 
that causes central neurogenic 
hyperventilation.' We agree with Plum 
that its pathogenesis is still unknown. 

Regarding the possibility of brain- 
stem involvement in our case, we agree 
with Plum that it cannot be completely 
ruled out, since no necropsy was per- 
formed. However, the clinical manifes- 
tations correlate with the computed 
tomographic findings, and both sup- 
port evidence for involvement of the 
hemispheres only. In an additional pa- 
tient, no brain-stem involvement was 
found on computed tomographic 
scanning. Moreover, at the necropsy 
described by Bateman et al, “multiple 
sections showed no lesion of any kind 
in the brain stem below the superior 
colliculus.” 

The alkaline pH of the cerebrospinal 
fluid was found in our patient and in an 
additional one.’ Only one case of a pa- 
tient with an acidic cerebrospinal fluid 
was published.‘ Since, in our case, the 
pH of the cerebrospinal fluid was de- 
termined at the bedside immediately 
after it was obtained, no significant 
change could be expected. 

Plum had suggested that hyperven- 
tilation results from local tumor-in- 
duced acidity He now admits that 
tissue acidity is an unlikely cause for 
central neurogenic hyperventilation. 

RACHEL PAUZNER, MD 
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Training of the Neurologist for the 
21st Century 


To the Editor.—Dr William M. Lan- 
dau's browsing, which led him to Sir 
Francis Walshe's article on the 
"Training of the Neurologist," is of 
inestimable importance for everyone 
teaching in this field. It is startling to 
realize that this article was written 55 
years ago, and that every word is still 
valid. Nevertheless, there is one place 
where, as a teacher of neurology, I 
would like to add, if not a critical note, 
at least a footnote, and I do not think 
that Sir Francis, the author of those 
splendid books entitled Critical 
Studies and Further Critical Studies, 
would object. Sir Francis was against 
the recording of physical signs “by 
giving the name of the writer who first 
described it followed by a plus or 
minus sign,” and he is unquestionably 
right if only the name of this writer in 
question is mentioned. But medicine is 
a historical science; the object, the 
diseased man, has his own history with 
his own future. Philosophy has taught 
us, since 1933, the relativity of both our 
observations and our theories. I fully 
realize that we cannot include a com- 
plete course in the history of science 
and philosophy in any training for a 
medical specialty, but we do have the 
obligation to indicate to our trainees 
some essential notions about these 
topics. In terms of this intention, the 


use of eponyms may be of some help. 
L. J. ENDTz, MD, PHD} 
Department of Neurology 
Municipal Hospitals of the Hague 
Leyweg 275 
2545 CH the Hague, the Netherlands 
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Unilateral Brain-Stem Lesions 


To the Editor.—In patients with ap- 
parently unilateral brain-stem le- 
sions, brain-stem auditory-evoked po- 
tentials have usually shown the most 
marked abnormality when the ear ip- 
silateralto the lesion has been monau- 
rally stimulated. This observation is 
curious in view of the generally ac- 
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cepted predominance of contralateral 
pathways when studied behaviorally. 
In keeping with most previous obser- 
vations, Markand et al' report five 
cases of ipsilateral wave IV/V sup- 
pression associated with unilateral 
midbrain lesions, indicated by in- 
creased signal in T-2-weighted images 
in magnetic resonance scans. They 
make the point that unilateral lesions 
at the mesencephalic level are more 
likely to produce effects on brain-stem 
auditory-evoked potentials evoked 
from either ear than more caudal le- 
sions, whose effects are more predict- 
ably ipsilateral. They go on to state, 
however, that when effects are asym- 
metric, the response from the ipsilat- 
eral ear is more abnormal. 

In conflict with these observations 
and conclusions are at least two cases 
in which unilateral midbrain lesions 
have been associated with abnormal- 
ity of wave V only when the contralat- 
eral ear has been monaurally stim- 
ulated.? Perhaps an electrophysiolog- 
ically important decussation of audi- 
tory pathways occurs at the midbrain 
level. If so, depending on the level of 
the lesion, either ipsilateral precross- 
ing fibers or contralateral crossed fi- 
bers (or the wave generator itself) 


might be affected by a midbrain lesion. 
Davip C. ANDERSON, MD 
Neurology Department 
Hennepin County Medical Center 
701 Park Ave S 
Minneapolis, MN 55415 
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In Reply.—We appreciate the com- 
ment made by Dr Anderson. Our 
studies showed that unilateral pontine 
lesions commonly produce brain-stem 
auditory-evoked potential abnormali- 
ties only on ipsilateral ear stimulation, 
whereas unilateral midbrain lesions 
resulted in brain-stem auditory- 
evoked potential abnormalities (espe- 
cially waves IV/V complex) both with 
ipsilateral and contralateral ear stim- 
ulation; the abnormality was invari- 
ably more severe with ipsilateral ear 
stimulation. These findings suggest 
that the auditory pathways are func- 
tionally ipsilateral in the caudal brain- 
stem, whereas, more rostrally, both 
ipsilateral and contralateral struc- 
tures contribute to brain-stem audito- 
ry-evoked potential waves IV/V. There 


is no doubt that the auditory system 
finally becomes functional contralat- 
erally at a more rostral level of neur- 
axis, but the exact level at which the 
contralateral pathways assume domi- 
nance is not well established, although 
some studies suggest this to be at or 
above the level of inferior colliculus.' 
Another complicating fact is that the 
generators of wave IV/V are not ex- 
clusively at one level. Experimental 
studies suggest contribution by many 
struetures both ipsilateral and con- 
tralateral at the pontine, midbrain, 
and even the diencephalic levels? We 
agree with Dr Anderson that, al- 
though unilateral midbrain lesions re- 
sult in more severe abnormality of the 
wave IV/V complex on stimulation of 
ipsilateral rather than contralateral 
ears, the above complexities of the 
generators of wave IV/V and the vari- 
ability in the relative contribution of 
contralateral pathways may produce 
rare instances where unilateral mid- 
brain lesions (probably more rostral in 
location) would result in wave IV/V 
abnormalities exclusively or predomi- 
nantly with contralateral ear stimula- 
tion. 

OMKAR N. MARKAND, MD, FRCPC 

MARTIN R. FARLOW, MD 

JAMES C. STEVENS, MD 

Mary K. Epwarps, MD 

Department of Neurology 


701 Barnhill Dr 
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Prevalence of Essential Tremor 


To the Editor.—On reviewing our data 
on essential tremor,' I find that the 
overall prevalence ratio, based on 233 
cases as reported, is stated as “1591.7 
per 100 000 population.” It should have 
read as “1663.1 per 100000 popula- 
tion.” 

NADIR E. BHARUCHA, MD 

Department of Neuroepidemiology 

Medical Research Centre 

15th Floor 

Bombay Hospital 


12 Marine Lines 
Bombay 400020, India 
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Plasmapheresis in a Pregnant 
Patient With Multiple Sclerosis 


To the Editor.—Plasmapheresis com- 
bined with immunosuppressive drug 
therapy is of proven benefit in both 
acute and chronic progressive multiple 
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Sclerosis." We present our experience 
with plasmapheresis alone in a preg- 
nant patient with multiple sclerosis 
with high-risk obstetric profile and se- 
verely progressive multiple sclerosis. 


Report of a Case.—A 28-year-old patient 
with a clinically definite diagnosis of mul- 
tiple sclerosis had a 2-month history of 
progressive neurological deterioration. She 
was 9 weeks pregnant, confined to a wheel- 
chair, and unable to stand or transfer inde- 
pendently; unable to feed herself because of 
weakness; incontinent of bowel and blad- 
der; and experienced diplopia when tired. 
The previous two pregnancies had resulted 
in stillbirths. 

Immunosuppressive drug therapy for her 
multiple sclerosis was considered to be a 
relative contraindication because of its ad- 
verse effect on the fetus and also given her 
high-risk obstetric history. Therefore, in- 
tensive plasmapheresis (five treatments in 
10 days) was begun with significant objec- 
tive clinical improvement after the second 
plasmapheresis treatment. The patient was 
able to ambulate with a walker after the 
fifth plasmapheresis. Seven additional 
plasmaphereses were rendered over a 6- 
month period. She carried the pregnancy to 
term and delivered a healthy girl. At the 
time of her last plasmapheresis (3 weeks 
before delivery), the patient could walk 
without assistance. 


Comment.—To our knowledge, plas- 
mapheresis in the management of 
multiple sclerosis during pregnancy 
has not been previously described. We 
felt justified in recommending it in 
this case, despite the lack of precedent 
because of the patient's progressive 
neurologic decline, the relative con- 
traindication of immunosuppressive 
drug therapy in this patient, and the 
safe use of plasmapheresis during 
pregnancy in other disorders. One 
may argue that the improvement in 
this patient reflected the natural 
course of her disease; however, the 
rapid onset of improvement (3 days) in 
a patient who had been getting pro- 
gressively worse for 2 months is con- 
sistent with previously reported expe- 
riences with plasmapheresis in this 
disease.** Both the mother and the fe- 
tus tolerated the procedures well. In- 
tensive plasmapheresis without im- 
munosuppressive drug therapy, when 
performed under skilled medical su- 
pervision, may be regarded as a ther- 
apeutic option for treatment of pro- 
gressive multiple sclerosis during 
pregnancy. 

B. O. KHATRI, MD 
O'NEILL D’Cruz, MD 

G. PRIESLER, MD 

G. HAMBROOK, MD 

D. WORTHINGTON, MD 
Department of Neurology 


Medical College of Wisconsin 
Milwaukee, WI 53226 
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Cerebeller Ataxia 


To the Editor.—We do not think that 
Klein et al' in their 1986 publication 
gave dosages identical to those used in 
our original publications in 1980 and 
1981. We never used 16 mg/kg of the 
levorotatory form of 5-hydroxytryp- 
tophan with 6 mg/kg of benserazide; 16 
mg/kg of 5 hydroxytryptophan (race- 
mic) with 6 mg/kg of benserazide were 
actually given. The levorotatory form 
of 5-hydroxytryptophan being the ac- 
tive form of the molecule, they actually 
gave a double dose of 5-hydroxytryp- 
tophan (levarotatory), when compared 
with our protocol. But, with the im- 
portant doses of benserazide that they 
gave (6 mg/kg), the final disposable 
dose of the levorotatory form of 5-hy- 
droxytryptophan for the central ner- 
vous system might have been multi- 
plied by three or four when compared 
with our protocol. Moreover, they used 
a pretreatment with benserazide, 
which we did not mention, that might 
have provoked an exploding serotonin- 
ergic effect with no levorotatory 5-hy- 
droxytryptophan at all being metabo- 
lized at the periphery and huge doses 
arriving suddenly at the level of the 
central nervous system. These are the 
reasons why they obtained so many 
side effects, including serotoninergic 
psychosis. Actually, their protocol was 
quite different from ours, and involved 
an overdose. 

The study of Klein et al was an open 
uncontrolled study with few subjects 
(seven patients with cerebellar 
ataxia). The duration of administra- 
tion of the products was not given. 


Moreover, the cerebellar diseases of 
the subjects, revealed in this letter, 
might have been resistant. Postinfec- 
tious cerebellar ataxia is resistant to 
the levorotatory form of 5-hydrox- 
ytryptophan in our experience. 
Friedreich’s ataxia is sensitive when 
stance is still possible, but slightly. In 
multiple sclerosis, only static symp- 
toms are influenced, while action and 
intention tremors are resistant to the 
use of the levorotatory form of 5- 
hydroxytryptophan; multiple sclerosis 
must be nonevolutive. The most sensi- 
tive subgroup in our experience, corti- 
cal cerebellar atrophy, is represented 
by only one case in their study. 

Our double-blind randomized con- 
trolled study‘ is a good answer to their 
questions. We think that the levorota- 
tory form of 5-hydroxytryptophan, at 
the dose of 10 mg/kg per day, is a well- 
tolerated treatment, fairly effective in 
specific ataxia subgroups like cerebel- 
lar cortical ataxia (sporadic or autoso- 
mal dominant) and azathioprine-sta- 
bilized multiple sclerosis, with static 
symptoms. 

Long-term administration for sev- 
eral years is quite possible without 
drawback. At the beginning of treat- 
ment, a progressive increase of the 
doses from 5 mg/kg per day to 10 mg/ 
kg per day is recommended. The ques- 
tion of the addition of benserazide is 


under study. 
PAUL TROUILLAS, MD 
Hôpital Cardio-Vasculaire 
Service de Neurologie 
59 Boulevard Pinel 
69003 Lyon, France 
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Vertigo of Vascular Origin 


To the Editor.—We were pleasantly 
surprised to see the article “Vertigo of 
Vascular Origin: Clinical and Electro- 
nystagmographic Features in 84 
Cases," by Drs Grad and Baloh, in 
which the authors review the findings 
of 84 patients who were referred for 
consultation because of vertigo. A di- 
agnosis of ischemia in the territory of 
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the vertebrobasilar circulation was 
made. There was a high incidence of 
isolated episodes of sudden-onset ver- 
tigo, and, in some instances, these at- 
tacks preceded other symptoms of ver- 
tebrobasilar ischemia by months. Vas- 
cular insufficiency as the cause of 
vertigo has not received appropriate 
emphasis. One author? in summarizing 
*peripheral and systemic causes of 
dizziness" does not mention the inter- 
nal auditory artery and the possible 
effects of occlusion of that artery or its 
branches. Little has been written 
about the interruption of the vascular 
supply to the inner ear as a potential 
cause of vertigo, although in a 1946 
report? one third of 18 patients dying of 
occlusion of the basilar artery had diz- 
ziness as an important symptom in 
their illness. In another study,’ 8 of 28 
patients dying of thrombosis of the 
basilar artery had vertigo as the initial 
symptom of the final illness. The no- 
tion that was presented under "The 
Syndrome of Occlusion of the Labyrin- 
thine Division of the Internal Audi- 
tory Artery,” has been difficult to es- 
tablish since the prognosis of such an 
event is benign and pathologic studies 
of the labyrinth are very rarely done. 
Twenty-five years ago, on the basis of 
experience with scores of patients, one 
of us (C.H.M.) further described‘ this 
clinical syndrome as consisting of the 
following: The sudden onset of severe 
vertigo associated with nausea and 
vomiting; nystagmus, increased by 
head movement; persistence of the ver- 
tigo for days and sometimes for a 
number of weeks with gradual im- 
provement of the symptoms and/or 
the associated ataxia; return to normal 
function save for short-term vertigo on 
sudden change of position; and impair- 
ment or absent labyrinthine function 
to calorie testing (unilateral). There 
are probably three patterns of clinical 
events that may occur with sudden ar- 
terial occlusion in the internal audi- 
tory arterial system. These are as fol- 
lows: (1) sudden onset of (seconds or 
minutes) severe prolonged vertigo; (2) 
sudden onset of (seconds or minutes) 
permanent complete hearing loss in 
one ear; or (3) both. 

Rather than "selective vulnerabil- 
ity" of portions of the cochlear-vestib- 
ular system, we suspect (based on the 
swiftness of onset and the small size of 
the arterioles in question) that the 
varied syndromes, all characterized by 
suddenness of onset, are most com- 
monly due to platelet-fibrin emboli. 
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Many of the patients with "benign po- 
sitional vertigo" give a history that 
their first episode of vertigo lasted 
several hours or even 2 or 3 days, sug- 
gesting that something impaired the 
blood supply to a portion of the laby- 
rinth, the continuing positional ver- 
tigo being caused by damage to a spe- 
cific tiny portion of a labyrinth. 

Grad and Baloh have provided an 
important set of observations and 
ideas to a subject of great clinical sig- 
nifieance in the diagnosis of cere- 
brovascular disease, and of vertigo in 


particular. 
CLARK H. MiLLIKAN, MD 
NANCY FUTRELL, MD 
Henry Ford Hospital 
2799 W Grand Blvd 
Detroit, MI 48202-2689 
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Carnitine Palmityltransferase 
Deficiency and Fixed Muscle 
Weakness 


To the Editor.—Kieval and colleagues' 
recently described a 60-year-old 
woman presumably heterozygous for 
carnitine palmityltransferase defi- 
ciency who had fixed limb-girdle weak- 
ness without known episodes of rhab- 
domyolysis. The investigators were 
unaware of other patients who had ex- 
perienced a chronic myopathy associ- 
ated with this disorder. 

Carey? and associates described a 
72-year-old woman with low carnitine 
palmityltransferase enzyme activity 
and fixed proximal muscle weakness 
also without rhabdomyolysis. How- 
ever, this case differed as the patient 
manifested ophthalmoplegia and the 
muscle biopsy specimen showed rag- 
ged red fibers as well as paracrystal- 
line inclusions by electron microscopy. 
It is uncertain if the reduced activity of 
the mitochondrial-bound carnitine pal- 
mityltransferase was primary, or sec- 


ondary to another mitochondrial ab- 
normality. It would be of interest if 
Kieval and coworkers would comment 
on the ultrastructural mitochondrial 
findings in their patient. 

In addition to the heterozygous 
state, gender may also have influenced 
phenotypic expression of carnitine 
palmityltransferase deficiency in their 
case, since this disorder is clinically 
evident less often in homozygous fe- 
males than in homozygous males.’ 
Speculation that some cases of limb- 
girdle muscular dystrophy represent 
carnitine palmityltransferase defi- 
ciency as suggested by the clinical and 
pathologic features of their patient is 
worthy of further study. 


KEVIN R. NELSON, MD 
Department of Neurology 
Daron Davis, MD 
Department of Pathology 
University of Kentucky 
Chandler Medical Center 
800 Rose St 
Lexington, KY 40536-0084 
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In Reply.—I would like to thank Nel- 
son and Davis for their bringing to our 
attention a recently published article 
regarding low carnitine palmityl- 
transferase enzyme activity and prox- 
imal muscle weakness.' In that case, 
the muscle biopsy specimen showed 
ragged red fibers and paracrystalline 
inclusions by electron microscopy. In 
both patients in our article,’ ragged 
red fibers were not seen on light mi- 
croscopy, and electron microscopy 
studies did not show paracrystalline 
inclusions in the mitochondria. 

MICHAEL E. WEiNBLATT, MD 

Department of Rheumatology 

and Immunology 
Brigham and Women's Hospital 


75 Francis St 
Boston, MA 02115 
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HOW TO AVOID 
BIG HEADACHES 
IN YOUR PRACTICE 


For migraine patients who suffer frequent or severe attacks, 
relying on abortive therapy may result in more “headaches” 
than it's worth—especially when prophylaxis is So easy. 


Important advantages over 
abortive therapies 


In a recent survey! of 4,120 physicians who have tried INDERAL LA 
for common-migraine prophylaxis, 9896 of physicians mentioned 
the improved quality of life INDERAL LA affords their patients. 

Most also expressed concern about the shortcomings of abortive 
treatments—lack of sufficient control (9096), side effects (8496), 
and potential for addiction (7896). 


The one to start with to 
prevent common migraine 


In the survey, eight out of ten physicians rated INDERAL LA good 
to excellent in reducing both frequency and severity of migraine 
attacks. And, based on their experience, 9196 of these doctors 
now consider INDERAL LA their prophylactic preference in 
migraine. Evaluate it in your patients and see for yourself. 


INDERAL LA 
(PROPRANOLOL HCl) Sruti 
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*like the more than one million patients who have taken 
INDERAL LA for all its indications 
INDERAL® LA should not be used in the presence of 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL* LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. INDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules 


CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor- 
blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic sachant agoni for available receptor sites. When 
access to ete aenar sites is blocked by INDERÁL, the chronotropic, inotropic, and vaso- 
dilator responses to beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80, 120, and 160 mg) release propranolol HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
the capsules are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 

ropranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
pour period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 
ially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
limes daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered especially to main- 
tain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
nal rn or angina where there is little correlation between plasma levels and clinical 
effect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
effective beta blockade for a 24-hour period 


INDICATIONS AND USAGE. ion: INDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 


(redeo lisa doe 
Angina s Due to Coronary Atherosclerosis: INDERAL LA is indicated for the 
long-term management of patients with angina pectoris 
ine: INDERAL LA is indicated for the prophylaxis of common migraine headache 

The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

pert Subaortic S: INDERAL LA is useful in the management of hyper- 
trophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation 
Clinical improvement may be temporary. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock, 2) sinus 
bradycardia and greater than first-degree 
block; 3) bronchial asthma; 4) congestive heart 
failure (see WARNINGS) unless the failure is 
secondary to a tachyarrhythmia treatable with 
INDERAL 


WARNINGS. CARDIAC FAILURE: Sympa- 
thetic stimulation may be a vital component 
supporting circulatory function in patients with 
congestive heart failure, and its inhibition by 
beta blockade may precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, if nec- 
essary, they can be used with close follow-up in 
patients with a history of failure who are well 
compensated and are receiving digitalis and 7 
“shapes Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on 
eart muscle 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible) 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the Long 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 





ONCE-DAILY 







(PROPRANOLOL HCI) 


LONG ACTING CAPSULES 


INDERAL DE is interrupted and exacerbation of angina occurs, it usually is advisable 


to reinstitute INDERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it ma 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 


Nonallergic "atrum (eg, chronic bronchitis, emphysema) — PATIENTS 
WITH BRONCHOSPASTI DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta receptors 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a oom pete inhibitor of beta-recep- 
tor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
or isoproterenol. However, such patients may be subject to protracted severe hypotension 
pittoaty in starting and maintaining the heartbeat has also been reported with beta blockers 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
increasing T4 and reverse T3, and NT 3. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with im- 
pe hepatic or renal function. INDERAL (propranolol HCI) is not indicated for the treatment of 
ypertensive emergencies 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should 
betold that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to a 
return of increased intraocular prenante. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL (propranolol HCI) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol 

Ethanol slows the rate of absorption of propranolol 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma 
levels of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
propranolol 

Thyroxine may result in a lower than expected T4 concentration when used concomitantly 
with propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels 

Theophylline clearance is reduced when used concomitantly with propranolol 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of Apea drug-induced toxicity. There were no drug-related tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used Ed ps ee only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk, Caution should be exercised 
when INDERAL is administered to a nursing woman 

PEDIATRIC USE: Safety and effectiveness in children have not been established 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

ardiovascular: Bradycardia, congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
noman type 

entral Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an 
acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 
mance on neuropsychometrics. For immediate 
formulations, fatigue, lethargy, and vivid 
dreams appear dose related 

Gastrointestinal: Nausea, vomiting, epigas- 
tric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, 
ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and respira- 
tory distress. 
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Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been 
reported 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have not 
been associated with propranolol 


DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS — Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established 

If ronan is to be discontinued, reduce dosage gradually over a period of a few weeks (see 
WARNINGS) 

SN mee must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increasec gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA Hm should 
be discontinued. It may be advisable to withdraw the drug gradually over.a period of several 
weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 

*The appearance of these capsules is a registered trademark of Ayerst Laboratories 
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To avoid phenytoin-related problems: 


Start with Tegretol 


Indicated for 
| first-line use 
| Less risk of 

y, cognitive impairment 
Avoids gingival 
hyperplasia 

Avoids hirsutism 





d 





MN" A 


TEGRETOL is indicated 
for children 6 years 
and older and adults. 


Because of the potential 
for serious hematologic 
adverse reactions, it is 


A 
important that you become 
thoroughly familiar with e) D: is 
the full Prescribing a 200-mg scored tablets 
Information for TEGRETOL iv "PK 100-mg chewable tablets 


on the following 


cw" canpamazepine USP 


© 1989, CIBA GEIGY ...because after seizure control, there's a lot of living to do! 
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Tegretol* 


carbamazepine USP 


Chewable Tablets of 100 mg— red-speckled, pink Tablets of 200 mg— pink 





WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION HOWEVER 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW. APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS COND! 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND 
APLASTIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 
OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO 
SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS COM 
PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A 
BASELINE IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR 
DECREASED WHITE BLOOD CELL OR PLATELET COUNTS, THE PATIENT SHOULD 
BE MONITORED CLOSELY DISCONTINUATION OF THE ORUG SHOULD BE CON- 


SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 


Belore prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential. 

DESCRIPTION 

Tegretol! carbamazepine USP is an anticonvulsant and specific analgesic for trigeminal 
Neuralgia. available as chewable tablets of 100 mg and tablets o! 200 mg tor oral admin. 
istration Its chemical name is 5H-dibenz[b flazepine-5-carboxamide and its structural 
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Carbamazepine USP is a white to off-white powder practically insoluble in water and 
Soluble in alcohol and in acetone Its molecular weight is 236 27 
Inactive ingredients Colloidal silicon dioxide FO&C Red No 3 (chewable tablets only), 
FD&C Red No 40 (200-mg tablets only) flavoring (chewabie tablets only) gelatin glycer 
in, Magnesium stearate. sodium starch glycolate (chewable tablets only), starch. stearic 
acid, and sucrose (chewable tablets only) 
CLINICAL PHARMACOLOGY 
In controlled clinical trials. Tegretol has been shown to be effective in the treatment of 
Psychomotor and grand mal seizures. as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats It depresses thalamic potential and 
bulbar and polysynaptic reflexes including the linguomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after ora! administration at a slower rate than a 
solution. thus avoiding undesirably high peak concentrations Tegretol in blood is 76% 
bound to plasma proteins Plasma levels of Tegretol are variable and may range from 
0.5-25 ug/ml. with no apparent relationship to the daily intake of the drug Usual adult 
therapeutic levels are between 4 and 12 ug/mi Following oral administration. serum 
levels peak at 4 to S hours The CSF/serum ratio is 0 22. similar to the 22% unbound 
Tegretol in serum Because Tegretol may induce its own metabolism. the half-life is also 
variable Initial half-life values range from 25-65 nours. with 12-17 hours on repeated 
doses Tegretol is metabolized in the liver After oral administration of '4 C-carbamaze 
pine, 72% of the administered radioactivity was found in the urine and 28% in the feces 
This urinary radioactivity was composed largely of hydroxylated and conjugated metabo: 
lites. with only 3% of unchanged Tegretol Transplacental passage of Tegretol is rapid (30 
to 60 minutes). and the drug is accumulated in fetal tissues. with higher levels found in 
liver and kidney than in brain and lungs. 
INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived from active drug-controlled studies 
that enrolled patients with the following seizure types 
1 Partial seizures with complex symptomatology (psychomotor. temporal lobe) Patients 
with these seizures appear t0 show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal) 
3 Mixed seizure patterns which include the above or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU 
TIONS. General). 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not a simple analgesic and should not be used for the relief of trivial aches or 

ains 

CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to the drug. or known sensitivity to any of the tricyclic compounds. such 
as amitriptyline. desipramine imipramine. protriptyline nortriptyline, etc Likewise on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol. MAO inhibitors should be discontinued for a minimum 
of fourteen days. or longer if the clinical situation permits 
WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell's syndrome) 
and Stevens-Jonnson syndrome. have been reported with Tegretol These reactions nave 
been extremely rare However a few fatalities have been reported : 

Tegretol has shown mild anticholinergic activity. therefore, patients with increased 
intraocular pressure should be closely observed during therapy 

Because of the relationship of the drug to other tricyclic compounds. the possibility of 
activation of a latent psychosis and. in elderly patients. of confusion or agitation should be 
borne in mind 
PRECAUTIONS 
General: Betore initiating therapy. a detailed history and physical examination should be 
made 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associated 
with increased trequency of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
à history of cardiac, hepatic or renal damage adverse hematologic reaction to other 
drugs. or interrupted courses of therapy with Tegretol 
Information tor Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem, such as fever, sore throat. ulcers in the 
mouth, easy bruising, petechial or purpuric hemorrhage, and should be advised to report 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur. patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts, including platelets and possibly 
reticulocytes and serum iron. should be obtained as a baseline Ifa patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts, the patient should 
be monitored closely Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver function, particularly in patients with a history 
of liver disease, must be performed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp. funduscopy and tonome- 
try, are recommended since many phenothiazines and related drugs nave been shown to 
cause eye changes 

Baseline and penodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because o! observed renal dysfunction 


Monitoring of blood levels (see CLINICAL PHARMACOLOGY: has increased the efficacy. 
and safety of anticonvulsants This monitoring may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance In addition 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid tunction tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of pnenobarbital, phenytoin 
or primidone or a Combination of two produces a marked lowering of serum levels 
of Tegretol 

The half-lives ot pnenytoin. warfarin. doxycycline and theophylline were significantly 
shortened when administered concurrently with Tegretol Haloperidol serum levels may be 
reduced when the drug is administered with Tegreto! The doses of these drugs may 
therefore have to be increased when Tegretol is added to the therapeutic regimen 

Concomitant administration of Tegretol with erythromycin. cimetidine. propoxyphene 
isoniazid or calcium channel blockers has been reported to resu't in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases Also concomitant administration of 
carbamazepine and lithium may increase the risk of neurotoxic side effects 

Alterations of thyroid tunction have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis. Impairment of Fertility: Carbamazepine. when 
administered to Sprague-Dawley rats for two years in the diet at doses of 25. 75. and 250 
mg/kg/day. resulted in a dose-related increase in the incidence cf hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes ot males 

Carbamazepine must. therefore. be considered to be carcinogenic in Sprague-Dawley 
fats Bacterial and mammalian mutagenicity studies using carbamazepine produced 
Negative results The signiticance of these findings relative to the use of carbamazepine in 
humans is at presen! unknown 
Pregnancy Category C: Tegreto! nas been shown to have adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
01 1200 mg In rat teratology studies, 2 of 135 offspring showec kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies icleft palate 1 talipes 1 
anophthalmos 2) In reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level o! 200 mg/kg 

There are no adequate and well-controlled studies in pregnan! women Tegretol should 
be used during pregnancy only if the potential benetit justifies the potential risk to the 
fetus 

Retrospective case reviews suggest that. compared with monotherapy. there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Therefore. monotherapy is recommended tor pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
possibility of precipitating status epilepticus with attendant nypoxia and threat to ife. In 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient, discontinuation of the 
drug may be considered prior to and during pregnancy although it cannot be said with any 
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confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The eftect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation concentration of Tegretol in m Ik is approximately 60% 
of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants trom carbamaz- 
epine, a decision should be made whether to discontinue nursing or to discontinue the 
drug. taking into account the importance of the drug to the mother 
Pediatric Use: Safety and effectiveness in children below the age of 6 years have not been 
established 
ADVERSE REACTIONS 
M adverse reactions are of such severity that the drug must be discontinued. the physician 
Must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most frequently observed adverse reactions. particularly during the initial phases of 
therapy. are dizziness drowsiness unsteadiness nausea and vomiting To minimize the 
possibility of such reactions therapy should be initiated at the iow dosage recommended 

The following additional adverse reactions have been reported 
Hemopoietic System Aplastic anemia. agranulocytosis pancytopenia bone marrow 
depression. thrombocytopenia. leukopenia, leukocytosis eosinophilia 
Skin Pruritic and erythematous rashes, urticaria. toxic epidermal necrolysis (Lyell s 
syndrome) (see WARNINGS) Stevens-Johnson syndrome (see WARNINGS), photosensi- 
tivity reactions. alterations in skin pigmentation. exfoliative dermatitis, erythema multi 
forme and nodosum purpura aggravation of disseminated lupus erythematosus 
alopecia. and diaphoresis In certain cases. discontinuation of therapy may be necessary 
Cardiovascular System Congestive heart failure edema aggravation of hypertension 
hypotension, syncope and collapse aggravation ot coronary artery disease, arrhythmias 
and AV block, primary thrombophlebitis. recurrence of thrombophlebitis. and adenopathy 
or lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tricyclic compounds 
Liver. Abnormalities in liver function tests cholestatic and hepatocellular jaundice 
hepatitis 
Respiratory System Pulmonary hypersensitivity characterized by fever dyspnea, pneu- 
Monitis of pneumonia 
Genitourinary System Urinary frequency. acute urinary retention. oliguria with elevated 
blood pressure. azotemia. renal failure. and impotence Albuminuna glycosuria. elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegretol orally from 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day. Additionally, rats receiving Tegretol in the diet for two years 
at dosage levels of 25, 75. and 250 mg/kg/day had a dose-relatec incidence of testicular 
atrophy and aspermatogenesis In dogs. it produced a brownish discoloration. presum- 
ably a metabolite, in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown 
Nervous System Dizziness. drowsiness, disturbances of coordination. contusion. head- 
ache, fatigue, blurred vision. visual hallucinations. transient diplopia. oculomotor distur- 
bances, nystagmus, speech disturbances. abnormal involuntary movements. penpheral 
neuritis and paresthesias. depression with agitation talkativeness. tinnitus, and hyper- 
acusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency. but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausea. vomiting gastric distress and abdominal pain diarrhea 
constipation. anorexia, and dryness of the mouth and pharynx including glossitis 
and stomatitis 
Eyes Scattered, punctate, cortical lens opacities. as well as conjunctivitis have been 
reported Although a direct causal relationship has not been establisned. many phenothia- 
zines and related drugs have been shown to cause eye changes 
Musculoskeletal System Aching joints and muscles. and leg cramps 
Metabolism Fever and chills inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication, with decreased serum sodium 
(hyponatremia) and confusion. have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests) 
Other Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports of elevated levels of cholesterol, HDL cholesterol and 
triglycerides in patients taking anticonvulsants 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol nor is there evidence of 
psychological or physical dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowes! known lethal dose adults >60 g (39-year-old man) Highest known doses 
survived adults. 30 g (31-year-old woman) children 10 g (6-year-old boy). small 
children. 5 g (3-year-old gir!) 

Oral LD50 in animals (mg/kg) mice. 1100-3750. rats, 3850-4025. rabbits. 1500-2680 
guinea pigs. 920 
Signs and Symptoms 
The first signs and symptoms appear atter 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascular disorders are generally milder, and severe cardiac com- 
plications occur only when very nigh doses (>60 g) have been ingested 
Respiration Irregular breathing. respiratory depression 
Cardiovascular System Tachycardia. hypotension or hypertension shock. conduction 
disorders 
Nervous System and Muscles Impairment of consciousness ranging in severity to deep 
coma Convulsions. especially in small children Motor restlessness muscular twitching 
tremor. athetoid movements opisthotonos ataxia drowsiness dizziness mydriasis 
nystagmus. adiadochokinesia ballism psychomotor disturbances dysmetria initial 
hyperreflexia followed by hyporeflexia 
Gastrointestinal Tract Nausea vomiting 
Kidneys and Bladder Anuria or olguria. urinary retention 
Laboratory Findings Isolated instances of overdosage have included leukocytosis. re 
duced leukocyte count. glycosuria and acetonuria EEG may show dysrhythmias 
Combined Poisoning When alcohol, tricyclic antidepressants barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or moditied 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt elimination 
of the drug, which may be achieved by inducing vomiting irrigating the stomach. and by 
taking appropriate steps to diminish absorption If these measures cannot be implemented 
without risk on the spot. the patient should be transferred at once to a hospital. while 
ensuring that vital functions are safeguarded There is no specific antidote 
Elimination o! the Drug Induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach should be repeatedly irrigated especially if tne patient has also 
consumed alcohol 
Measures to Reduce Absorption Activated charcoal. laxatives 
Measures to Accelerate Elimination Forced diuresis 

Dialysis is indicated only in severe poisoning associated with renal failure Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression Keep the airways free, resort, if necessary to endotracheal 
intubation artificial respiration and administration of oxygen 
Hypotension, Shock Keep the patient s legs raised and administer a plasma expander If 
blood pressure fails to rise despite measures taken to increase plasma volume, use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especially in 
Children), hypotension. and coma However barbiturates should not be used if drugs that 
inhibit monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one week) 
Surveillance. Respiration cardiac function (ECG monitoring), blood pressure body tem- 
perature. pupillary reflexes and kidney and bladder function should be monitored tor 
Several days 
Treatment of Blood Count Abnormalities It evidence of significant bone marrow depres 
sion develops the following recommendations are suggested (1) stop the drug. (2) per- 
form daily CBC, platelet and reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient trequency to monitor recovery 

Special periodic studies might be helpful as follows (1) white cell and platelet anti- 
bodies. (2) 59Fe—terrokinetic studies (3) peripheral blood cell typing (4) cytogenetic 
studies on marrow and peripheral blood. (5) bone marrow culture studies for colony 
forming units, (6) hemoglobin electrophoresis for Ao and F hemogiobin. and (7) serum 
folic acid and B levels 

A fully developed aplastic anemia will require appropriate. intensive monitoring and 
therapy, for which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and satety of anticonvulsants (see 
PRECAUTIONS Laboratory Tests) Dosage should be adjusted to the needs of the individual 
patient A low initial daily dosage with a gradual increase is advised As soon as adequate 
control is achieved, the dosage may be reduced very gradually to the minimum effective 
level Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg b id Increase at weekly 
intervals by adding up to 200 mg per day using atid orgid regimen until the best 
responses obtained Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum effective level. usually 800-1200 mg daily 
Children 6-12 years of age— Initial: 100 mg b | d Increase at weekly intervals by adding 
100 mg per day usinga t ı d orq: d regimen until the best response is obtained Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level. usually 400-800 mg daily 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants When 
added to existing anticonvulsant therapy. the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased except phenytoin. which 
may have to be increased (see PRECAUTIONS. Drug Interactions and Pregnancy Category 
Ci 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: 100 mg b i d on the first day for a total daily dose of 200 mg This daily dose may 
be increased by up to 200 mg a day using increments ot 100 mg every 12 hours only as 
needed to achieve freedom trom pain. Do not exceed 1200 mg daily 
Maintenance: Control of pain can be maintained in most patients with 400 mg to 800 mg 
daily However. some patients may be maintained on as littie as 200 mg daily. while others 
may require as much as 1200 mg daily At least once every 3 months throughout the 
treatment period, attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 
HOW SUPPLIED 
Chewable Tablets 100 mg— round. red-speckled. pink. single-scored (imprinted Tegretol 
on one side and 52 twice on the scored side) 
Bottles of 100 
Unit Dose (blister pack) 

Box ot 100 

(strips of 10) NDC 0028-0052-61 
Tablets 200 mg—capsule-shaped pink single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 

NOC 0028-0027-01 


Bottles of 100 
Bottles of 1000 NDC 0028-0027-10 
NOC 0028-0027-65 


NOC 0028-0052-01 


Gy-Pak® —One Unit 

12 bortles— 100 tablets each 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NOC 0028-0027-61 


Samples. when available. are identified by the word SAMPLE appearing on each tablet 
Protect from moisture 
Dispense in tight container (USP) 
Also available as Tegretol suspension 100 mg. 5 mi, in 450 mi bottles 
Printed in U S A C88-27 (Rev 12 88) 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsley, New York 10502 
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Editorial 


Cognitive Deficits and Emotional Dysfunction 


in Multiple Sclerosis 


T his issue of the ARCHIVES contains 

two reviews prepared on behalf of 
the Cognitive Function Study Group of 
the National Multiple Sclerosis Soci- 
ety. Thesearticles are a response to the 
need for more and better information 
on the mental and emotional effects of 
multiple sclerosis, but they also serve 
as an example of an approach that 
could be useful in other neurologic dis- 
orders. 





See also pp 94 and 98. 





The varied conclusions and varied 
methodology used by investigators to 
study cognitive dysfunction and affec- 
tive disorders in patients with multi- 
ple sclerosis and other neurologic dis- 
orders, while providing useful infor- 
mation, have made it diffieult or 
impossible to compare studies. In ad- 
dition, since most of the studies are 
based on highly selected samples, the 
results are applicable only in very re- 
stricted, often poorly defined, subsets 
of patients. Both articles review im- 
portant clinical research areas and 
include recommendations regarding 
research standards that, if imple- 
mented, would markedly improve our 
understanding of mental and emo- 
tional disorders in multiple sclerosis, 
and could set a standard for such 
studies in other neurologic diseases. 

In the past, cognitive dysfunction 
and affective disturbances in patients 
with multiple sclerosis were neglected 
by clinicians, except in those patients 
where the deficits were so blatant and 
incapacitating that they could not be 
ignored. The general attitude has been 
“Tf you tell the patients that they may 
have some cognitive or memory prob- 
lems they will worry about it thus 
making the problem worse. Since noth- 
ing can be done about the problem, it is 
best to ignore it." However, most pa- 
tients with even mild cognitive prob- 
lems are already very aware of the 
presence of a problem and would like 
help in dealing with the disability. 
Unfortunately, the “head in the sand" 
attitude so frequently taken by physi- 
cians ignores the extent of the inca- 
pacity and resulting disability. Also, it 
often ignores the importance of docu- 
menting the severity of the disability, 
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which may be the most important item 
in the patient's disability determina- 
tion. 

Failure to take cognitive dysfunc- 
tion into account in disability deter- 
mination is frequent, even though cog- 
nitive dysfunction is, in many patients, 
the most disabling symptom of the 
disease and may not correlate with 
physical disability. Physicians have 
often looked on apparent loss of moti- 
vation or deterioration in organiza- 
tional skills and job performance as 
either laziness or "functional" and fail 
to recognize the underlying cognitive 
deterioration. Failure to recognize the 
organic character of much of the emo- 
tional dysfunction seen in the disease 
is also problematic. This failure to 
recognize, discuss, and treat mental 
and emotional dysfunction in patients 
with multiple sclerosis leads to unnec- 
essary suffering by the patient and 
family, and often results in social iso- 
lation. 

There has been a resurgence of in- 
terest in the cognitive problems and 
affective disturbances that occur in 
multiple sclerosis as awareness of 
their severity and potentially dis- 
abling character has grown. The arti- 
cle by Peyser et al! points to the “wide 
range of cognitive test procedures on 
disparate and relatively small patient 
samples and control groups" that 
make comparison between studies and 
generalization to larger populations 
diffieult. While these studies support 
the idea that significant cognitive 
problems are common in multiple scle- 
rosis, questions regarding the inci- 
dence, severity, variability, and natu- 
ral history of these deficits have rarely 
been addressed. The authors recom- 
mend a set of standards for patient 
characterization, use of appropriate 
control groups, and a core battery of 
neuropsychological tests that would 
provide a basis for comparing differ- 
ent studies and allow comparison of 
results in different multiple sclerosis 
subtypes. It would also allow better 
interpretation of detailed studies of 
specific functions in different patient 
populations by providing information 
regarding the overall level of general 
cognitive function in these patients. 

The article by Minden and Schiffer? 
reviews current knowledge regarding 


affective disorders in multiple sclero- 
sis and makes recommendations re- 
garding standards for research in this 
area. Our understanding of this area 
and the current state of the literature 
is indicated by studies that give a 
prevalence of euphoria in multiple 
sclerosis ranging from 0% to 63%, and 
a prevalence of depression from 6% to 
54%. Studies of the prevalence of 
pathological laughing and weeping do 
not appear to have been done; indeed, 
the condition in its milder forms is 
rarely recognized, yet it can be socially 
disabling and can be effectively 
treated. 

Valid and clinically useful informa- 
tion on these conditions requires ade- 
quate standardized definitions of the 
various conditions, appropriate in- 
struments for their diagnosis, knowl- 
edge of their incidence in disease at 
various stages, and duration and in- 
formation regarding disability status. 
Only with improved diagnosis using 
standardized definitions and with ade- 
quate instruments to measure severity 
will we be able to determine the effi- 
cacy of various therapeutic interven- 
tions. These two articles are, in large 
part, a response to the frustration 
many of us have experienced in trying 
to interpret the frequently contradic- 
tory literature regarding cognitive and 
affective disorders in multiple sclero- 
sis. Acceptance of these recommenda- 
tions regarding research on cognitive 
and emotional disorders in multiple 
sclerosis should result in a marked 
improvement in the quality of re- 
search in these areas and should pro- 
vide a basis for inclusion of measures 
of mental and emotional function in 
therapeutic trials, thus helping to im- 
prove our ability to treat these condi- 
tions. 

ROBERT M. HERNDON, MD 
Department of Neurology 
Good Samaritan Hospital 
1015 NW 22nd St 
Portland, OR 97210 
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Quantitative Multiple Sclerosis Plaque Assessment 
With Magnetie Resonance Imaging 


Its Correlation With Clinical Parameters, Evoked Potentials, and 
Intra-Blood-Brain Barrier IgG Synthesis 


Robert W. Baumhefner, MD; Wallace W. Tourtellotte, MD, PhD; Karl Syndulko, PhD; 
Victor Waluch, MD, PhD; George W. Ellison, MD; Lawrence W. Meyers, MD; 
Stanley N. Cohen, MD; Meredith Osborne; Paul Shapshak, PhD 


@ Magnetic resonance imaging (MRI) of 
the cerebrum, cerebellum, brain stem, and 
upper cervical cord was performed in 62 
individuals with clinically definite chronic, 
progressive multiple sclerosis (MS). The 
total area of MRI-demonstrated lesions 
was measured from film enlargements for 
each region using an interactive image 
analysis system. While the MRI was abnor- 
mal in 60 (97%) of 62 patients, the visual- 
evoked potentials in 51 (8596) of 60 pa- 
tients, the brain stem auditory-evoked po- 
tentials (BAEPs) in 24 (46%) of 52 patients, 
and the somatosensory-evoked potentials 
(SSEPs) in 45 (8996) of 54 patients, an ab- 
normal intra-blood-brain barrier (BBB) IgG 
synthesis rate, IgG oligoclonal bands, or 
both were found in all 62 patients. The to- 
tal area of MRI abnormality in the cerebrum 
was significantly correlated only with the 
intra-BBB IgG synthesis rate, abnormal vi- 
sual-evoked potentials, impaired perfor- 
mance on the Symbol Digit Modalities Test 
(SDMT), and one test of standing duration 
in the quantitative examination of neuro- 
logic function (QENF). The brain stem le- 


A number of putative treatments for 

multiple sclerosis (MS) have been 
proposed, but they have been found to 
be of limited efficacy. Evaluations of 
treatment efficacy have thus far been 
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sion area correlated with the Kurtzke ex- 
panded disability status scale and brain 
stem functional systems score, the ambu- 
lation index, abnormal BAEPs, and im- 
paired performance on the SDMT as well 
as multiple tests of upper and lower ex- 
tremity function in the QENF. The cerebel- 
lar lesion area correlated with impaired 
performance on the SDMT and primarily 
upper extremity testing in the QENF. Fac- 
tor analysis of the data showed that the 
major plaque burden in the cerebrum of 
patients with MS as demonstrated on the 
MRI had a strong relationship with neu- 
ropsychological functioning (SDMT) and 
the intra-BBB IgG synthesis rate, while 
most clinical assessments in MS seemed 
to be related primarily to noncerebral 
plaques in the brain stem and cerebellum. 
We conclude that the intra-BBB IgG syn- 
thesis rate, neuropsychological function- 
ing, and cerebral MRI abnormalities should 
be investigated further as possible objec- 
tive outcome measurements in future clin- 
ical treatment trials of MS. 
(Arch Neurol. 1990;47:19-26) 


based on largely subjective rating 
scales of clinical signs and symptoms, 
which, because of the nature of the 
disease, may not reflect the true extent 
or activity of MS in the central nervous 
system (CNS).! With the advent of 
magnetic resonance imaging (MRI), an 
objective assessment of the extent of 
MS disease may now be a reality.^* 

For MRI to be useful as a measure- 
ment of treatment efficacy in clinical 
trials of MS, however, methods of 
objective, reproducible, quantitative 
measurement of the scans must be 
developed. We have been experi- 
menting with such a method using just 
the standard MRI films and an IBAS 
image analysis system (Zeiss). 


Our investigations disclose the rela- 
tionship between the measured MRI 
area of abnormality in various regions 
of the CNS and other objective labora- 
tory procedures for the evaluation of 
putative therapies in MS that we have 
proposed in the past—intra-blood- 
brain barrier (BBB) IgG synthesis, 
evoked potentials, instrumented quan- 
titative examination of neurologic 
function (QENF), as well as standard 
clinical assessments of disability,” 
such as the Kurtzke expanded disabil- 
ity status scale (EDSS), functional 
systems scoring, the incapacity status 
score, and the ambulation index. 


PATIENTS AND METHODS 
Patients 


We studied 62 patients with clinically 
definite chronic, progressive MS who were 
being evaluated for entry into the National 
Cooperative Cyclosporin Study. Sixty pa- 
tients met the stringent entry criteria and 
2 were excluded—1 lived too far away and 
could not keep all the required appoint- 
ments and the other had an unexplained 
mild elevation of hepatie enzymes in the 
serum. There were 33 men and 29 women 
between 23 and 56 years of age (mean, 43.5 
years; SD = 8.63 years). Mean duration of 
disease was 13 years (range, 2 to 37 years; 
SD = 9.7 years). Disability ranged between 
2.5 and 7 (mean, 5.5; SD = 1.4) on the 
Kurtzke EDSS. As candidates for the cy- 
closporin study, they all had active disease 
with a progression of 1 to 3 U on the EDSS 
in the previous 12 months with some pro- 
gression but no exacerbation in the last 3 
months, they were free of steroid or immu- 
nosuppressant treatment, they did not have 
other clinically significant medical illness, 
they had never been treated with cyclo- 
phosphamide or lymph node irradiation, 
and no woman was pregnant or lactating. 


Baseline Testing 


Samples of cerebrospinal fluid (CSF) and 
serum were collected from the patients on 
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three separate occasions for determination 
of the mean intra-BBB IgG synthesis rate! 
and number of CSF oligoclonal bands by 
isoelectric focusing, immunofixation, and 
silver staining.'^ Pattern reversal visual- 
evoked potentials (VEPs) (60 patients), 
brain stem auditory-evoked potentials 
(BAEPs) (56 patients), and somatosensory- 
evoked potentials (SSEPs) by median nerve 
stimulation (55 patients) were also ob- 
tained in a separate session. A modified 
form of our instrumented QENF'*'* was 
performed on all patients by a trained 
technician. Physician-rated assessments of 
clinical disability on all patients included a 
coded neurologic examination, the 
Kurtzke functional systems scoring,” the 
Kurtzke EDSS," the incapacity status 
score,” and the ambulation index de- 
scribed by Weiner and Ellison.” 


MRI Technique and Quantitation 


Magnetic resonance imaging of the cere- 
brum, cerebellum, brain stem, and upper 
cervical cord to C-4 using a head coil only 
was done on each patient using the 0.35-T 
unit at St Vincent’s Hospital, Los Angeles, 
Calif. Imaging was done in the coronal and 
axial planes, with 1-em contiguous slicing 
and a spin echo pulse sequence with a rep- 
etition time of 2 seconds and an echo time 
of both 35 and 70 milliseconds. The MRI 
matrix was 256 X 256, and the resolution 
was 1.2 mm. The films were read by one of 
the investigators (R.W.B.) in consultation 
with the supervising neuroradiologist of 
the MRI unit (V.W.). The MRI was termed 
abnormal if there were two or more areas of 
abnormal signal intensity in the white mat- 
ter that were brighter on the longer echo 
time images. The cerebral portion of the 
MRIs were initially assessed qualitatively 
by both investigators working together for 
the degree of abnormality present using a 
5-point scale. Grade 1 meant the scan did 
not satisfy the above criteria for abnormal- 
ity. Grade 2 was used when two to six 
lesions less than 1 cm in diameter were 
present. Grade 3 equaled more than six le- 
sions of 1 cm or less, lesions greater than 1 
cm in size, or confluent lesions around the 
ventricles but with a diameter of 1 cm or 
less. Grade 4 meant more than six lesions 
greater than 1 cm in diameter or confluent 
lesions around the ventricles with a diam- 
eter of more than 1 cm. Grade 5 was used 
when there were more than 12 lesions 
greater than 1 em in size, when there was 
confluency of lesions both periventricularly 
and in areas away from the ventricles with 
a diameter of greater than 1 em; or both 
these findings. All areas of abnormal signal 
intensity were then marked for quantita- 
tive measurement. 

Quantitation of MRI abnormal signal in- 
tensity area was made directly from the 
films using an IBAS image analysis system 
consisting of a 64-Kbyte control computer, 
an image processor with four 256-Kbyte 
image memories, a floppy disc drive, a 
280 X 280-mm magnetized digitizer tablet, 
a cross-hair mouse cursor, a 14-inch color 
monitor with 800 lines of resolution, and a 
video camera with a macro 55-mm F2.8 lens. 
Magnification of the MRI sections on the 


20 Arch Neurol—Vol 47, January 1990 


monitor was about X10.5, and there was 
computer enhancement of the contrast be- 
fore measurement. The cursor was used to 
trace the margin of the area of increased 
signal intensity on the screen, and the 
readout was in square millimeters of area 
corrected for magnification and the conver- 
sion scale on the film. Total area of abnor- 
mal signal intensity for the cerebrum, cer- 
ebellum, brain stem, and upper cervical 
cord was summed in each imaging plane 
(axial vs coronal) for each patient. To assess 
the reliability of the quantitation proce- 
dure, we compared the total area of abnor- 
mal signal intensity for the axial vs the 
coronal imaging plane, as these areas were 
determined independently of one another. 

With present-day technique and under- 
standing of MRI, actual demyelinated tis- 
sue in the CNS of patients with MS cannot 
be distinguished from other pathologic 
changes, such as areas of edema and in- 
flammation without demyelination or 
small-vessel disease in older patients. 
Therefore, it should not be concluded that 
what we are measuring on these scans is 
only demyelinating disease, and we will 
emphasize this point in the graphs, tables, 
and text throughout this article. 


Statistics 


Testing for correlations between non- 
parametric or mixed data was done using 
Spearman's rank-order correlation coeffi- 
cient corrected for ties. Testing for correla- 
tion of parametric data was done using 
Pearson's Product-Moment Correlation Co- 
efficient (r). Because of the large number of 
correlations performed, we adopted a 
P=.01 as the criterion for a significant 
correlation. However, all correlations with 
P <.05 are indicated by their correlation 
coefficients to illustrate potential trends in 
these exploratory studies. Cases in which 
Significant correlations were obtained for 


the cerebrum in only one plane (axial or 
coronal) were considered equivocal. Addi- 
tional analysis on the 60 patients entered 
into the cyclosporin study included princi- 
pal component factor analysis to explore 
the interrelationship among measure- 
ments. All statistical analyses were con- 
ducted on a computer using Statview 512+ 
and Systat programs. 


RESULTS 


The MRI was abnormal and consis- 
tent with the diagnosis of MS in 60 
(97% ) of 62 patients. In all 60 of these 
patients, lesions were present in the 
cerebrum, 25 of 60 had lesions in the 
brain stem, 21 of 60 had cerebellar le- 
sions, and 45 of 60 had recognizable 
areas of abnormality in the upper cer- 
vical cord. The intra-BBB IgG synthe- 
sis rate by our method was abnormal 
on at least one of three occasions in 60 
(97% ) of 62 patients. Oligoclonal band- 
ing was present in the CSF in all but 
one patient (98% ). If the IgG synthesis 
rate and oligoclonal bands were con- 
sidered together, all patients had ab- 
normal CSF study results. The VEPs 
were abnormal in 51 (85%) of 60 pa- 
tients, the BAEPs were abnormal in 24 
(46% ) of 52 patients, and the SSEPs 
were abnormal in 48 (89%) of 54 pa- 
tients. Two patients had normal MRIs, 
VEPs, and BAEPs; one patient had 
normal VEPs, BAEPs, and SSEPs; and 
eight patients had normal VEPs and 
BAEPs. 

Indicative of the intrarater reliabil- 
ity of the quantitation of the MRI-im- 
aged lesion area, there was an excel- 
lent correlation between axial and 


Table 1.—Correlation Between MRI Planes for Lesion Area per Patient, Mean Total 
Lesion Area, and Number of Patients With Identifiable Lesions * 


Area 


Coronal 


Correlation 
for Axial 
vs Coronal 
Plaque Area 


Significance per Patient 








Cerebrum 
Mean area +1 SD 


mm* 3022.7 + 2401.2 2847.2 + 2377.7 





NSt# 





No. of patients with 


plaques/No. studied 60/62 


P < .001 (.9248) 
57/62 NS|| 





Brain stem 
Mean area +1 SD, 
mm? 31.5 + 84.2 


14.8 + 38.3 NSt 


P < .01 (.391) 








No. of patients with 


plaques / No. studied 21/62 


10/26 NS|| 





Cerebellum 
Mean area +1 SD, 
mm? 13.2 + 34.0 


28.9 + 82.1 NS+ 





P < .0001 (.630) 








No. of patients with 
plaques/No. studied 





11/62 


* MRI indicates magnetic resonance imaging. 
tSignificance defined as P » .01. 
Determined by t test. 

SPearson's correlation coefficient. 
|Determined by x? analysis. 


15/62 NS|| 
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coronal total cerebral area of signal 
intensity measured per patient 
(r = .92, P «.0001, Table 1). The mean 
areas for each plane were not signifi- 
cantly different (t test, P 2.05), but 
SDs from the mean were large. Three 
patients with lesions in the axial plane 
had a normal coronal MRI. There was 
also a high correlation (r= .68, 
P = .0031) between the total cerebral 
area of abnormality and the five-point 
qualitative grading scale of severity of 
cerebral MRI involvement. 

The correlation between the axial 
and coronal cerebellar lesion area was 
lower (r = .63, P <.0001). There were 
five patients with lesions seen only in 
the axial plane and nine patients with 
abnormal signal intensity only in the 
coronal plane. The mean area of ab- 
normality was not significantly differ- 
ent between the axial and coronal mea- 
surement. 

There was a marked reduction in the 
magnitude of the correlation between 
planes in the brain stem (r= .39, 
P «.01), with a significantly greater 
number of patients with lesions in the 
axial plane vs the coronal plane and an 
insignifieantly higher mean area of 
abnormality in the axial plane. Identi- 
fiable lesions in the cervical cord were 
seen only in the axial plane. Because 
imaging in the axial and coronal 
planes was not well correlated in non- 
cerebral regions, we did regional cor- 
relative studies with other baseline 
data separately with each imaging 
plane. 

Table 2 is a summary of the correla- 
tions between other assessment vari- 
ables and the regional lesion area on 
the MRI. There was no statistically 
significant correlation between the to- 
tal MRI area of abnormality for any 
region and patient age, gender, age at 
diagnosis, illness duration, or age of 
MS onset. 

The Kurzke EDSS showed a statis- 
tically significant correlation with the 
brain stem MRI area of abnormality 
only (Table 2). The only Kurtzke func- 
tional systems score to show statisti- 
cally significant correlations was the 
brain stem score, which was positively 
correlated to the brain stem MRI ab- 
normality but only in the coronal 
plane. The incapacity status scale 
(total score) did not show any correla- 
tions. Subgroups of the incapacity sta- 
tus scores,” called incapacity factor 1 
(mean ratings of stair climbing, am- 
bulation, transfers, bathing, dressing, 
and bowel and bladder function) and 
incapacity factor 2 (the rated items of 
grooming, feeding, vision, speech, and 
hearing) also did not show a statisti- 
cally significant correlation. The am- 


Arch Neurol—Vol 47, January 1990 





Table 2.— Summary of Significant Correlations With Regional Area of MRI Abnormality * 


























































Cerebrum Brain Stem Cerebellum 
——— ———— —— 
Axial Coronal Axial Coronal Axial Coronal 
lliness durationt NS+ NS NS NS 
(.2868) (.274) 
Age of onsett NS NS NS NS 
(—.289) (—.282) 
Global assessment 
of disability 
Kurtzke expanded NS NS PX 01 P < .001 NS NS 
disability status (.324|) (.333) (.482) 
scale 
Incapacity status! NS NS NS NS NS NS 
(.304) (.265) 
Ambulation index'l NS NS NS P < .001 NS NS 
(.297) (.446) (.272) 
Symbol Digit Modalities P < .001 P< .001 P= gi. P«.01 NS P<.01 
Test, No. correctt (—.486) (—.515) (—.337) (—.356) (—.362) 
Abnormal visual- P«.0001 P<.001 NS NS 
evoked potentials! (560}|) (.514) (.316) 
Assessment of 
brain stem function 
Kurtzke NS NS NS P< .01 NS NS 
brain stem (.287) (.265) (.322) (.332) (.293) 


dysfunction! 
Abnormal brain NS NS 
stem-evoked 

potentialsfl 







P< .01 NS NS NS 
(.378) 


* MRI indicates magnetic resonance imaging. Correlations were measured in square millimeters per patient. 
TPearson's test of correlation for parametric data. 

Significance defined as P < .01, but correlation coefficients are shown for P < .05. 

SPearson's correlation coefficient. 

{Spearman's test of correlation for nonparametric data. 

lp value corrected for ties. 


Table 3.—Quantitative Neurofunction Testing Correlations of Upper Extremity With Area 
of Abnormal MRI Signal Intensity * 


Cerebrum Brain Stem Cerebellum 
— MÀ MM ——Ó— 
Axial Coronal Axial Coronal Axial Coronal 


Time to put on a shirt NS P < .002 (.4351) NS (.300) 
Time to manage a button NS P < .01 (.384) P < .01 (.384) 
Time to zip up a garment NS P « .001 (.440) NS (.280) 
Time to tie a bow NS (.299) P « .01 (.383) P < .01 (.345) 
Time to cut with knife NS P < .002 (.424) P < .01 (.373) 
and fork 
Time to dial a telephone P < .002 (.415) NS (.281) 
Purdue pegboard NS P < .01 (—.370) 
Hand tapping speed NS NS 
Slowness of handwriting NS NS (.324) NS (.317) 
* Pearson's test of correlation for parametric data; measurements are in square milliliters per patient. MRI 
indicates magnetic resonance imaging. 


TSignificance defined as P < .01, but correlation coefficients for P < .05 are shown. 
Pearson's correlation coefficient. 























P < .01 (.360) 




















bulation index correlated with the to- 
tal brain stem lesion area to the same 
degree as the EDSS but only for the 
coronal plane measurements. 

The only neuropsychological test 
performed on these patients was the 
oral version of the SDMT, part of the 
QENF. The number of correct re- 
sponses on this test was inversely cor- 
related with the total MRI area of in- 
creased intensity in all three regions of 
the CNS (Table 2) but to a much higher 
degree with abnormalities in the cere- 
brum. For the cerebellum, the inverse 


correlation was significant only with 
measurements in the coronal plane. 

Abnormal VEPs had a highly sig- 
nificant correlation with cerebral dis- 
ease on the MRI (Table 2). Abnormal 
BAEPs significantly correlated with 
the extent of MRI abnormality in the 
brain stem but only in the axial plane. 
Abnormal SSEPs did not correlate 
with MRI abnormality in any region of 
the CNS. 

The QENF data have been divided 
into two parts, upper extremity (Table 
3) and lower extremity (Table 4) test- 
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Cerebrum 




















Table 4.—Quantitative Neurofunction Testing Correlations of Lower Extremity With Area 
of Abnormal MRI Signal Intensity * 







Brain Stem Cerebellum 
































leg, eyes closed (—.262) 








* Pearson's test of correlation for parametric data; measurements are in square millimeters per patient. MRI 


indicates magnetic resonance imaging. 


—— ———— —— 
Test Axial Coronal Axial Coronal Axial Coronal 

Standing on 2 legs, NSt NS P<.01 P< .001 NS NS 

eyes open (—.3604) (—.479) 
Standing duration on 2 NS NS NS P<.01 NS 

legs, eyes closed (—.295) (—.368) 
Standing duration on 1 P«.01 NS NS NS NS 

leg, eyes open (—.342) (—.284) 
Standing duration on 1 NS NS NS NS NS NS 


Speed of tandem NS NS NS P < .002 NS NS 
walking (—.418) 
Time to rise from chair NS NS P < .002 P < .002 NS P «€ .01 
with support (.432) (.421) (.273) (.345) 
Foot tapping speed NS NS NS NS NS NS 
(—.302) 



























tSignificance defined as P < .01, but correlation coefficients for P < .05 are shown. 


Pearson's correlation coefficient. 
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Fig. 1.—Quantitative multiple sclerosis plaque assessment with magnetic resonance imaging. In- 
tra-blood-brain barrier (BBB) IgG synthesis rate per case vs cerebral (axial) area of magnetic res- 
onance imaging abnormality per case (Pearson's Product-Moment Correlation Coefficient, 


r= .38; P < .01; N = 60). 


ing. Poor performance on all but two 
upper extremity tests significantly 
correlated with the total area of MRI 
abnormality in the brain stem. The 
exceptions were hand tapping speed, 
which did not correlate with any re- 
gion, and slowness of handwriting, 
which did not reach statistical signif- 
icance. There was a significant corre- 
lation with the cerebellar area of MRI 
abnormality and poor performance in 
buttoning, tying a bow, cutting with a 
knife, and dialing a telephone. The 
significant correlations were almost 
exclusively in the coronal plane, with 
the exception of dialing a telephone, 
which had an axial brain stem corre- 
lation. Slowness of cutting with a knife 
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and fork and dialing a telephone was 
more strongly correlated with brain 
stem MRI disease. None of the upper 
extremity QENF measurements were 
significantly correlated with cerebral 
area of the MRI abnormality. 

Lower extremity QENF test scores 
(Table 4) showed significant correla- 
tion primarily with brain stem lesions. 
However, the measurement of “de- 
creased ability to stand on one leg with 
the eyes open" was exclusively corre- 
lated with the cerebral plaque area but 
only in the axial plane. The other 
exception was difficulty in rising from 
achair, which correlated with the area 
of MRI abnormality in the cerebellum 
and the brain stem. The QENF corre- 


Table 5.—Factor Analysis of All 
Variables (N = 62) for Varimax 
Rotated Factors* 


Factor 1 (16.8%)—Upper extremity, bimanual 
Putting on shirt f 
Buttoning 
Tying bow 
Cutting with knife or fork 
Zipping 
Rising up with support 
MRI, cerebellum 

Factor 2 (21.9%)—lower extremity 
Foot tapping speed 
Ambulation index 
Standing on 2 legs, eyes open 
Tandem gait 
Standing on 2 legs, eyes closed 
Kurtzke EDSS 
Standing on 1 leg, eyes closed 
Incapacity scale, factor 1 
Standing on 1 leg, eyes open 
Hand tapping speed 
Rising up with support 

Factor 3 (6.8%)— cerebral 
MRI, cerebrum 
Intra-BBB IgG synthesis rate 
Symbol Digit Modalities Test 

Factor 4 (7.296) —CSF 
CSF IgG oligoclonal bands 
Standing on 1 leg, eyes open 
CSF IgG bands more intense 

than those in serum 

Factor 5 (14.7%)—upper extremity, unimanual 
Incapacity scale, factor 2 
Dialing a telephone 
Writing a sentence 
Purdue pegboard 
Symbol Digit Modalities Test 
Hand tapping speed $ 
Zipping .55 

Factor 6 (5.796) —MRI, upper cervical cord 
MRI, upper cervical cord =.79 


"Only variables with significant loadings greater 
than .48 are shown. Percentage of total variance ex- 
plained by rotated components, 73.0%. MRI indicates 
magnetic resonance imaging; BBB, blood-brain bar- 
rier; CSF, cerebrospinal fluid; and EDSS, expanded 
disability status scale. 





lations with the brain stem and cere- 
bellum areas of abnormality were also 
higher in the coronal plane than in the 
axial plane. 

For the 60 patients admitted to the 
study, there was a statistically signif- 
icant correlation between the total ce- 
rebral area of MRI abnormality in the 
axial plane and the intra-BBB IgG 
synthesis (r =.88, P <.01) (Fig 1). 
There were no correlations with the 
number of oligoclonal bands or the 
number of bands more intense in the 
CSF on electrophoresis. 

Measurable MRI abnormality in the 
cervical cord did not correlate with any 
of the other baseline measurements. 

A principal components factor anal- 
ysis with varimax rotation included 
variables from all measurement do- 
mains. The simplest factor structure 
was a six-factor solution that ac- 
counted for 73% of the total variance 
(Table 5). Factor 1 was an upper ex- 
tremity factor that accounted for 
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16.8% of the total variance. It had sig- 
nificant loadings (7.45) on simulated 
activities of daily living tests (putting 
on a shirt, buttoning a small button, 
tying a bow, cutting with a knife and 
fork, zipping a garment, and rising up 
from a chair with support). Factor 1 
also had a significant loading on the 
cerebellar MRI area of abnormality. 
Factor 2 was a lower extremity factor 
that accounted for 21.9% of the total 
variance. The highest loadings on fac- 
tor 2 were for foot tapping speed, the 
ambulation index, standing balance on 
two legs, tandem gait, and the inca- 
pacity scale ambulation-transfer 
score. Factor 3 accounted for 6.8% of 
the variance and had significant load- 
ings on the SDMT, intra-BBB IgG 
synthesis rate, and the cerebral MRI 
area of abnormality. Factor 4 ac- 
counted for 7.2% of the variance and 
had the highest loading by CSF IgG 
oligoclonal bands, bands that were 
more intense than corresponding ones 
in the serum and standing balance on 
one leg with eyes open. 

Factor 5 was also an upper extrem- 
ity factor that accounted for 14.7% of 
the total variance. It showed signifi- 
cant loadings on primarily unimanual 
QENF tests (speed of dialing a tele- 
phone, speed of writing a sentence, the 
Purdue pegboard, and hand tapping 
speed). Factor 6 was an upper cervical 
cord factor and accounted for only 
5.7% of the total variance. 


COMMENT 


Two major concerns with any new 
measurement technology are reliabil- 
ity (ie, stability and reproducibility) 
and validity (does it measure what it 
purports to measure). The not only 
statistically significant but also ex- 
ceedingly high correlation of indepen- 
dently measured areas of cerebral MRI 
abnormality between the axial and 
coronal planes (Fig 2) strongly sup- 
ported the reliability of our quantita- 
tive method. Even further support was 
provided by the finding of a high cor- 
relation between the cerebral MRI to- 
tal lesion area and the independently 
arrived at qualitative grading scale of 
severity of cerebral MRI involvement 
assigned before the measurement of 
lesion areas. These results came out 
despite the fact that the lesion edge on 
the MRI was in many cases a matter of 
interpretation, and both the short and 
long echo time scans were often needed 
to define a lesion, especially when it 
bordered on a ventricle. However, we 
fully realize that variability between 
repeated measurements of the same 
scan by the same as well as different 
measurers will have to be investigated. 
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In addition, the use of autopsy mate- 
rial as reference standards might be 
helpful with further refinement of our 
method. 

We believe that the much lower but 
still statistically significant correla- 
tion between axial and coronal areas of 
abnormal signal intensity in the cere- 
bellum and especially the brain stem is 
an expected result. The average size of 
plaques in these two regions is much 
smaller, leading to a greater distortion 
of actual size and shape on the MRI 
and a marked difference between 
planes when the signal is averaged 
through 1-em slice thickness. This also 
explains why small lesions visible in 
one plane can be invisible in the other 
plane. In addition, the shape of struc- 
tures in the posterior fossa, especially 
the brain stem, is less symmetrical, 
allowing more MRI slices in one plane 
than in the other. This is especially 
true for the brain stem, which is long, 
thin, and vertical, and analyzed much 
more thoroughly on the MRI in the 
axial plane. 

To our knowledge, our study is the 
first to report regional MRI assess- 
ment correlations with other clinical 
and laboratory parameters. We believe 
that this technique may prove useful 
for the designing of clinical examina- 
tions of MS more reflective of the ma- 
jor plaque burden in the CNS. We are 
also the first to report data from axial 
and coronal imaging separately. For 
reasons alluded to above, data from 
axial and coronal imaging, especially 
in the posterior fossa, were not as 
highly correlated as one would expect. 
In addition, although analyzing the 
axial and coronal data separately re- 
duced the number of patients in each 
group slightly, we found we lost a 
number of significant correlations 
when we combined the data or used the 
plane that gave the highest total 
plaque area. Thus, we believe that in 
future studies of MS, more than one 
plane should be imaged and the data 
should be analyzed separately before 
any combination of the data is at- 
tempted. 

Over the past several years, we have 
developed the QENF for the purpose of 
deemphasizing subjective nonpara- 
metric, physician-rated ordinal scales 
of patient disability and providing 
more objective parametric outcome as- 
sessment measurements for treatment 
trials in MS and other neurologic 
disease.^/* The current study suggests 
that the selected subgroup of QENF 
tests employed was biased toward the 
assessment of noncerebral disease, the 
two exceptions being the SDMT and 
standing duration on one leg. Standing 


onone leg reduces proprioceptive input 
and may then make visuospatial ori- 
entation more important. Thus, to 
make the QENF more sensitive to the 
major MS plaque burden in the cere- 
brum as represented by MRI abnor- 
malities, more tests of neuropsycho- 
logical functioning should be added to 
our test battery. 

The same bias seems to hold true for 
nonparametric global assessments of 
clinical disability, such as the Kurtzke 
EDSS and functional systems scoring, 
the ambulation index, and the incapac- 
ity status score. If they do represent 
primarily a measurement of clinical 
consequence of brain stem and cere- 
bellar lesions, they should not be relied 
on exclusively as outcome measure- 
ments in treatment trials of MS. In ef- 
fect, major lesion changes may occur 
in the cerebrum that would not be 
picked up by changes in these mea- 
surements. 

The factor analyses results provided 
clues to the underlying relationships 
among the wide range of measure- 
ments obtained in these patients. 
Since factor analysis is based on the 
pattern of correlations among the 
variables, it is not surprising that the 
results generally supported those of 
the separate correlation analyses. Fac- 
tor 1 loadings indicated how closely 
impairment of human performance 
variables measuring speed and coordi- 
nation of the upper extremities in 
common everyday activities are re- 
lated to disease in the cerebellum in 
MS. On reflection of factor 2 loadings, 
it is perhaps not surprising that the 
Kurtzke EDSS loaded on a lower ex- 
tremity factor in this study, since the 
majority of patients showed Kurtzke 
scores from 5 to 7, a region in the 10- 
point Kurtzke scale dominated by cri- 
teria related to ambulation. Somewhat 
surprising, however, was the finding 
that no regional MRI lesion area mea- 
surement loaded on factor 2. Possibly 
the lower extremity disabilities in MS 
are related more to lesions in more 
circumscribed cerebral regions, in- 
fracervical spinal cord regions, or 
both, which were not measured in this 
study. 

Factor 3 could be termed a cerebral 
factor because of the high loadings by 
the MRI cerebral lesion area measure- 
ments. What we consider particularly 
significant is that the second highest 
loading on this factor was the intra- 
BBB IgG synthesis rate. The only rat- 
ing scale of quantitative human per- 
formance measurement to load on this 
factor was the oral version of the 
SDMT, which is a sensitive nonspecific 
test of cerebral dysfunction.” The 
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Fig 2.— Quantitative multiple sclerosis plaque assessment with magnetic resonance imaging. To- 
tal cerebral area of magnetic resonance imaging abnormality, correlation between axial (mean 
plaque area, 3022.7 + 2401.2 mm?) and coronal (mean plaque area, 2847.2 + 2377.7 mm?) 
imaging planes (Pearson's Product-Moment Correlation Coefficient, r = .92; P < .0001;N = 62). 


Kurtzke EDSS did not load on this 
factor significantly. 

Factor 5, which could be termed a 
unimanual upper extremity factor, il- 
lustrates the expected high correlation 
among tasks using one upper extrem- 
ity. There was no significant loading on 
any MRI variable, although the brain 
stem MRI lesion area did load on this 
factor more than on any other MRI 
factor. 

Factors 4 and 6 indicate the relative 
lack of significant correlation of the 
number of CSF oligoclonal bands and 
the cervical cord MRI lesion area with 
any other variable measured in this 
study. In the case of the cervical cord 
MRI, this might be explained by the 
difficulty in recognizing the measuring 
lesions in this area and the concept 
that plaques in the cervical cord may 
only be a small portion of the total 
plaque burden in the spinal cord of pa- 
tients with MS. 

Previous studies have showed a 
weak correlation between the duration 
of MS and the likelihood of the MRI 
being abnormal,” the number of im- 
aged lesions using MRI,” and a qual- 
itative grading of the MRI.’ In our 
study, this correlation failed to reach 
statistical significance. The correla- 
tion between disease duration and the 
severity of the MRI findings also has 
not been supported by other investi- 
gators 429 

Jacobs et al? noted a higher Kurtzke 
disability status scale (DSS) in pa- 
tients with MS with abnormal MRIs vs 
those whose MRIs were normal. With 
qualitative scoring systems, two other 
studies demonstrated a correlation be- 
tween the severity of MRI findings for 
the entire brain and the Kurtzke score, 
one only to a degree found by us for the 
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cerebral region in the axial plane, not 
considered significant by us,? and the 
other with a significance even higher 
than what we obtained for the brain 
stem.’ Borgel et al" measured the 
total surface area of plaques appearing 
on the MRI in 21 patients and also 
found a positive correlation with the 
Kurtzke DSS. Another recent study? 
found no correlation of the DSS with 
the lesion count or estimation of pa- 
renchymal atrophy on the MRI, but 
there was a significant correlation 
with the degree of atrophy of the cor- 
pus callosum and the estimation of 
periventricular plaque involvement. A 
correlation was not seen in five other 
studies—two using qualitative MRI 
assessments,^ two noting only the 
number of lesions present,?*? and one’ 
quantitatively measuring plaque area 
in a pilot study of 10 patients. In only 
one previous study was quantitative 
area measurement recorded, and in 
none of the above studies was the brain 
stem, cerebellum, and cervical cord 
looked at separately. We know of no 
previous studies correlating the MRI 
with the incapacity status scale or the 
ambulation index in MS. 

Stevens et al" using qualitative 
grading of the MRI, were able to show 
highly significant correlations with 
motor, cerebellum, brain stem, mental 
status, visual and  bowel-bladder 
Kurtzke functional systems scoring, 
the highest correlations being with the 
first three. Sensory functional systems 
scoring did not show a correlation. We 
were unable to confirm this using 
quantitative area measurement or re- 
gional evaluation of the MRI. 

The MRI correlations with evoked 
potential testing in MS have not been 
adequately investigated in the past. 


Two previous studies*** found no cor- 
relation between having an abnormal 
brain stem MRI and abnormal BA EPs; 
BAEP testing has been found to be 
relatively insensitive in the detection 
of demyelinating lesions in the brain 
stem. Of 27 patients initially present- 
ing with symptoms and signs thought 
to be due to demyelination in the brain 
stem,” 25 had lesions detected in the 
brain stem with MRI and only 6 had 
abnormal BAEPs. However, Cutler et 
al^ found BAEPs to be more sensitive 
than MRI in a series of clinically def- 
inite patients with MS with brain stem 
signs. 

Visual-evoked potential testing has 
been thought to be more sensitive in 
the diagnosis of MS than MRI, where 
demyelinating lesions can be detected 
in the optic nerves that are not well vi- 
sualized by MRI.** Two studies?" re- 
ported a strong tendency for patients 
with MS with abnormalities on two 
different evoked potential tests to have 
an abnormal MRI, while Stewart et al% 
found no significant correlation be- 
tween an abnormal cranial MRI or the 
number of lesions visualized on the one 
hand and abnormalities on VEP, 
BAEP, or SSEP testing on the other. 
There was also no significant associa- 
tion between the number of lesions in 
various regions of the cerebral MRI 
and abnormal evoked potential test- 
ing. Finally, our findings have been 
supported by a preliminary report by 
Kappos et al,* in which the MRIs from 
80 unselected patients with MS were 
quantified by both planimetry and a 
semiquantitative scoring system. The 
VEPs were also scored and were found 
to have a significant correlation with 
the total cerebral MRI lesion volume 
and even more closely with lesion vol- 
umein the retrogeniculate visual path- 
ways. 

The finding of a correlation between 
the cerebral MRI lesion area and poor 
performance on the SDMT, the only 
neuropsychological test administered 
to these patients, is particularly inter- 
esting. Two other studies of MS have 
shown highly significant correlations 
between abnormalities on a battery of 
other neuropsychological tests and ce- 
rebral abnormalities on the MRI. Hu- 
ber et al? found that patients consid- 
ered demented by these tests had more 
corpus callosal atrophy on the MRI, 
but the estimation of periventricular 
plaque involvement was not signiti- 
cantly different from patients only 
minimally or moderately neuropsy- 
chologically impaired. Medaer et al,” 
however, found that groups of patients 
with MS with moderate and serious 
cognitive impairment by neuropsycho- 
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logical testing had significantly more 
cerebral periventricular MRI involve- 
ment than a group with no cognitive 
impairment by testing. In a recent 
much more extensive study, Rao et al," 
describing 53 patients with MS, found 
that impairment of cognitive function, 
particularly as measured on tests of 
recent memory, abstract-conceptual 
reasoning, language, and visuospacial 
problem solving, was correlated with 
the total lesion area on the MRI, 
while abnormalities on tests designed 
to measure information processing 
speed, sustained attention, rapid prob- 
lem solving, and mental arithmetic 
correlated with callosal atrophy. 

The oral version of the SDMT in- 
volves considerable eye scanning ac- 
tivity as well as visuospatial memory 
and symbol substitution, which may 
explain its smaller correlation with 
the brain stem and cerebellar area of 
MRI abnormality in our study. 

In a series of 30 patients with initial 
signs and symptoms suggestive of MS, 
Gebarski et al? found the MRI to be 
compatible with demyelinating dis- 
ease in 8776 of the patients, but of 
those patients with oligoclonal bands 
in the CSF, 100% had an abnormal 
MRI. However, in a much larger study 
of 200 patients by Paty et al,” 62% 
overall and only 66% of those with CSF 
oligoclonal bands had an abnormal 
MRI. In four other studies with a pre- 
ponderance of clinically definite pa- 
tients with MS, no difference in the 
percentage with abnormal MRIs or the 
number of MRI plaques imaged was 
noted in those patients with abnormal 
CSF study results.?2^^595 In only one of 
these studies? was the intra-BBB IgG 
synthesis rate measured, and in none 
was there any qualitative or quantita- 
tive assessment of the severity of the 
MRI made. We, however, found a sig- 
nificant correlation between the intra- 
BBB IgG synthesis rate and the total 
cerebral plaque area, at least as it is 
manifested by MRI signal intensity, 
but no correlation with the number of 
CSF oligoclonal IgG bands. This is the 
first time a significant correlation has 
been found between the intra-BBB IgG 
synthesis rate and any other MS dis- 
ease parameter (data were presented 
in part at the 39th Annual Meeting of 
the American Academy of Neurology, 
April 1987"). Our explanation for this 
is that the plaque edge in chronic MS 
is the site of most of the inflammatory 
reaction that includes IgG synthesiz- 
ing cells. The plaque burden is by far 
greater in the cerebrum than in any 
other region and contains many more 
plaque edges. Since the intra-BBB IgG 
synthesis rate is a by-product of MS 
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plaque inflammation, it is in accord 
that it would correlate with the total 
plaque burden in the CNS, represented 
primarily by what is in the cerebrum. 
With our present conception of the 
source of IgG synthesis in the CNS, it 
might also be surprising that we were 
able to detect any correlation at all, for 
the routine MPI indicates only that a 
lesion is present and not whether there 
is inflammation or only gliosis and 
scarring of an old lesion. An MRI 
obtained with gadolinium infusion, 
however, is somewhat similar to a 
contrast-enhanced computed tomo- 
graphic scan in bringing out areas 
where there is a severe breakdown of 
the BBB. In MS, these areas are likely 
to be where there is early plaque for- 
mation and active inflammation. Gad- 
olinium-enhanced MRI is much more 
sensitive than a contrast-enhanced 
computed tomographic scanning in de- 
tecting these areas in MS.” Thus, per- 
haps we can anticipate an even higher 
correlation between intra-BBB IgG 
synthesis and the total area of gado- 
linium-enhanced MRI lesions once this 
agent becomes available for our use. 
Also, since the greatest inflammation 
is at the plaque edge in MS, we plan to 
investigate the correlation between in- 
tra-BBB IgG synthesis and MRI lesion 
circumference. 

Recently, Kappos et al,* using a 
form of MRI quantification, found a 
significant but low correlation of CSF 
IgG content, IgG index, as well as CSF 
oligoclonal banding with MRI periven- 
trieular lesions but not total cerebral 
lesion volume. There is as yet no satis- 
factory explanation for the difference 
between their findings and ours, but 
variation in lesion activity as dis- 
cussed above and possibly access to the 
CSF space could be involved. 

Our study is unique for the large 
number of patients with MS involved, 
the use of a quantitative assessment of 
the MRI, the measurement of plaque 
area in separate regions of the CNS, 
and the correlation of the MRI data 
with a large number of baseline clini- 
cal and laboratory parameters that 
provide other windows into the under- 
lying disease activity in MS. We con- 
clude that the major plaque burden in 
the cerebum of patients with MS as 
represented by MRI abnormalities is 
correlated with the intra-BBB IgG 
synthesis rate and potentially with 
neuropsychological testing. The most 
commonly used rating scale assess- 
ments of clinical disability and instru- 
mented tests of neurofunction are re- 
lated to the detection of noncerebral 
demyelination, mainly in the brain 
stem but also in the cerebellum. If our 


results are replicated, they have a pro- 
found implication for the objective 
evaluation of disease progression in 
MS, suggesting that the quantitative 
assessment of regional MRI abnormal 
signal intensity, neuropsychological 
testing, and intra-BBB IgG synthesis 
rate be included as outcome assess- 
ment measurements in future treat- 
ment trials of MS, as well as the more 
traditional clinical rating scales and 
objective neurofunction testing. Each 
set of measurements may provide a 
complementary view of the underlying 
disease activity in the patient with MS. 
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Methods for Measuring Brain Morphologic Features 
on Magnetic Resonance Images 


Validation and Normal Aging 


Terry L. Jernigan, PhD; Gary A. Press, MD; John R. Hesselink, MD 


@ In this article, methods for measuring 
brain morphologic features on magnetic 
resonance images are described and nor- 
mative data are provided for six morpho- 
logic variables. An estimated function re- 
lating age (ranging from 8 to 79 years) to 
average values is given for each measure. 
A linear decrease over the age range is 
observed in the volume of the cerebrum. 
Linear increases are observed in mea- 
sures of ventricular and sulcal fluid. A cur- 
vilinear decrease in cortical volume is 
found and is demonstrable even in young 
adults. Highly nonlinear increases in the 
volume of signal hyperintensities are ob- 
served in cortical and subcortical regions. 
The methods described may be used to 
provide an age-adjusted index of morpho- 
logic abnormality for each subject on any 
of the measures. They are currently in use 
in ongoing neurobehavioral studies of pa- 
tients with nonfocal brain abnormalities 
and primary disorders of affect and cogni- 
tion. 

(Arch Neurol. 1990;47:27-32) 


n this article, methods are described 
for measuring brain morphologic 
features, using computer-analyzed 
magnetic resonance (MR) images. The 
aim in developing these methods was 
to provide a means by which degener- 
ation in brain structures could be 
quantified during life in patients with 
dementia, dysphasia, psychiatric dis- 
orders, and the acquired immunodefi- 
ciency syndrome. 

The protocol used produces a set of 
images within which each pixel has 
been classified as resembling in signal 
strength gray matter, white matter, 
cerebrospinal fluid (CSF), or signal 
hyperintensities. From these images, 
estimates are computed of the volumes 
of the different pixel classes within 
certain cerebral zones of interest. The 
procedures require considerable sub- 
jective input from the operator, who is 
"blind" to patient identification, but 


Accepted for publication May 1, 1989. 

From the San Diego Veterans Administration 
Medical Center (Dr Jernigan), and the University 
of California, San Diego School of Medicine (Drs 
Jernigan, Press, and Hesselink). 

Reprint requests to Psychology Service, V116B, 
Veterans Administration Medical Center, 3350 La 
Jolla Village Dr, San Diego, CA 92161 (Dr Jerni- 
gan). 


Arch Neurol— Vol 47, January 1990 


the interoperator reliability has been 
estimated to be high. 

Neuropathologic examination of au- 
topsy material from patients whose in 
vivo MR images have been analyzed is 
underway. However, too few brain 
specimens have now become available 
to permit sound inferences. 

In this report we describe morpho- 
logic changes across the age range ob- 
served with our methods in a group of 
58 normal volunteer subjects. These 
changes will be compared with those 
noted in earlier neuropathology and 
brain imaging studies. 


AGE-RELATED CHANGES IN BRAIN 
MORPHOLOGIC FEATURES 


Numerous neuropathologic studies 
have shown an age-related decrease in 
brain weight!” and brain volume?! in 
nondemented subjects. Age-related 
decreases in cortical volume‘ and cor- 
tical neuronal populations*" have been 
suggested, particularly in superior 
temporal and frontal regions. 

Most cross-sectional computed to- 
mography (CT) studies of cerebral 
atrophy have demonstrated that aver- 
age ventricular and sulcal sizes in- 
crease slowly until about age 60 years 
and increase more rapidly thereaf- 
ter? In several of these investiga- 
tions dramatic increases in the vari- 
ability were observed in older age 
groups. Thus, perhaps it is not surpris- 
ing that in some studies, especially 
those in which the age range of sub- 
jects was restricted, no significant age 
increases were observed in ventricular 
size.??* Gado et al,5 who used volumet- 
ric methods for measuring CSF, were 
able to demonstrate increasing brain 
atrophy on CT with 1-year longitudi- 
nal follow-ups of normal elderly sub- 
jects. Bird et al," however, did not ob- 
serve increasing atrophy on follow-up 
scanning of elderly subjects, although 
asubgroup of the sample, who declined 
on cognitive testing, did show in- 
creased ventricular size. 

In an early study with CT, paren- 
chymal CT values in an area of white 
matter were found to decline in normal 
aging. More recently, diffuse periven- 
tricular lucency on CT, called leuko- 
araiosis, has been better defined, iden- 


tified in nonsymptomatic elderly sub- 
jects, and linked to soft neurologic 
signs and vascular risk factors in this 
population.” 

Magnetic resonance imaging studies 
show that signal hyperintensities oc- 
cur very frequently in normal elderly 
people, although they are rare in 
asymptomatic young people.?? Mag- 
netic resonance imaging may be more 
sensitive to the white matter changes 
occurring in the elderly, and these ab- 
normalities may be related to subclin- 
ical functional impairment.” This 
study evaluates the sensitivity of our 
methods for detecting and measuring 
the age-related central nervous system 
changes reported in these earlier in- 
vestigations. 


SUBJECTS, MATERIALS, AND 
METHODS 


The subjects were 58 normal volunteers 
recruited to participate in several neurobe- 
havioral investigations. Twenty-three were 
female and 35 were male. All were screened 
by detailed medical and psychiatric inter- 
views for evidence of significant disease (ie, 
diabetes, heart disease), substance abuse, 
developmental intellectual abnormality, or 
psychiatric illness. All adult subjects were 
living independently in the community; all 
were students, employed, or retired from 
employment. The subject group had a mean 
age of 45 years (range, 8 to 79 years). 


Imaging Protocol 


Magnetic resonance imaging was per- 
formed with a 1.5-T superconducting mag- 
net (Signa; General Electric, Milwaukee, 
Wis). A standard protocol was adopted for 
the acquisition of MR brain images to be 
analyzed by the Brain Imaging Laboratory 
in the Department of Psychiatry. Three 
consecutive spin-echo pulse sequences were 
used to obtain images in each of three 
orthogonal planes (Fig 1). Using a T- 
weighted (TR = 600 milliseconds, TE = 20 
milliseconds) sequence, sagittal images 
centered at the midsagittal plane were ac- 
quired to visualize the corpus callosum, 
brain stem, and other medial hemisphere 
surface landmarks. Subsequently, proton- 
density weighted (PDW) and T,-weighted 
(T,W) images were obtained simulta- 
neously for each section, using an asym- 
metric, multiple-echo sequence (TR = 2000 
milliseconds, TE = 25 and 70 milliseconds). 
The sequence was used twice to obtain im- 
ages of the entire brain in the axial and 
coronal planes in each subject (Fig 1, B 
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through E). Slice thickness was 5 mm with 
a 2.5-mm gap between successive slices in 
all instances. A 256 X 256 matrix and 24-cm 
field of view were used in all examinations. 


Image Preprocessing 


Signal intensity variations due to inho- 
mogeneity of the magnetic field and imper- 
fect radiofrequency pulses render simple 
image analysis techniques using signal 
thresholds unreliable. Improvement in spa- 
tial homogeneity of signal values is 
achieved by digital filtering of those pixel 
values from the soft tissues and fluid-filled 
spaces in and surrounding the brain. An 
interactive computer program is used with 
which the operator designates a pixel in the 
center of each isolated brain region in the 
image. A simple algorithm is used to deter- 
mine the brain region by defining the des- 
ignated pixel as a "brain pixel" and itera- 
tively checking for pixels contiguous with 
brain pixels that are within a predeter- 
mined intensity range. Figure 2 shows the 
regions defined as brain in a typical section 
near the base of the skull. This step is per- 
formed on the T,W images. The high signal 
intensity CSF surrounding the brain is thus 
included in the "brain" regions and may 
subsequently be measured. 

Brain pixels are further processed as fol- 
lows: High-pass filtering is accomplished by 
applying a low-pass, two-dimensional fil- 
ter, 32 X 32 pixels in size, with two itera- 
tions, and then subtracting the resultant 
matrix from the original matrix. A similar 
method was described previously in a re- 
port on techniques for analyzing CT 
images.’ 


Pixel Classification 


Each pixel within the “brain” region is 
classified into one of four categories based 
on its signal values in the TW and PDW 
images. The categories were chosen to cor- 
respond to (1) CSF, (2) white matter, (3) 
gray matter, and (4) abnormal signal hy- 
perintensities. All analyses are performed 
on images with randomly assigned subject 
numbers. The operators are blind to subject 
identification and diagnostic information. 

Computation of “CSF” and “Gray and 
White" Images.—In a preliminary analysis, 
multiple linear regressions were performed 
to compute linear combinations of the pixel 
values (T, W and PDW) that would result in 
good separation of CSF, white matter, and 
gray matter. Samples of T,W and PDW 
values were obtained by interactively des- 
ignating the locations of fully volumed 
white matter, gray matter, and CSF. Dis- 
criminant function analyses yielded the 
two optimal linear combinations of T,W 
and PDW values for CSF/brain and gray 
matter/white matter separation, respec- 
tively. 

Using these results two new images are 
computed from the original images. The 
CSF image, shown in Fig 3, C, provides good 
contrast between CSF and brain, while the 
gray and white image provides improved 
contrast between gray matter and white 
matter (Fig 3, D). 

Selection of Classification Criteria.—The 
criterion value for separation of white and 
gray matter is obtained by manually sam- 
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Fig 1.—Representative images from the standard protocol. A, Sagittal section, SE 600/20. B, 
Axial section, SE 2000/25 (proton-density weighted [PDW]). C, Axial section, SE 2000/70 
(T;-weighted [T,W]). D, Coronal section, SE 2000/25 (PDW). E, Coronal section, SE 2000/70 
(T;W). All sections are 5-mm thick, matrix 256 X 256. All series are with 2.5-mm gaps between 


images. 








Fig 2.— Exclusion of nonbrain areas from a representative section from the base of the brain. A, 
Original T,-weighted image. B, After selection of brain and exclusion of other high signal areas, 


such as fluid in paranasal sinuses. 


pling these areas on the gray and white 
matrix, computing mean signal values for 
each sample, and using the midpoint be- 
tween the two means as the criterion. 
Sampling in regions of fully volumed CSF 
is not possible in many cases. Therefore, 
average differences between white matter 
and CSF values obtained in the preliminary 
analysis were used to set the CSF criterion 
as 24 U greater than the mean CSF matrix 


value of the white matter sample. 

All pixel values are examined to deter- 
mine whether they meet criteria for abnor- 
mal signal hyperintensities as follows: the 
pixel must have a higher signal intensity 
value on the CSF matrix than the mean of 
the white matter sample, a higher value on 
the PDW matrix than the mean of the gray 
matter sample, and a higher value than the 
estimated value of CSF on the T,W matrix. 
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Because signal values drift from section to 
section, especially near the edges of the 
magnetic field, all criteria above are cali- 
brated separately for each section relative 
to the mean signal values of a sample of 
white matter from that section. 


Region Definition 


Trained operators, blind to subject age or 
diagnosis, manually separate cerebellar 
from cerebral areas, left from right hemi- 
spheres, and the cortical from subcortical 
regions, using a stylus-controlled cursor on 
the displayed image. Thus, separate esti- 
mates of the four classes of pixels are made 
for these areas. The fully processed images 
are illustrated in Fig 4. Different pixel 
classes are color coded as follows: right 
hemisphere cortical gray matter is yellow 
and subcortical gray is light blue, left hemi- 
sphere cortical gray is white, and subcorti- 
cal gray is green. The CSF is red, white 
matter is black, and signal hyperintensities 
are blue; however, CSF and signal hyperin- 
tensity pixels in or overlying the cortex are 
measured separately from those in deep 
structures or ventricles. The major mea- 
sures were obtained by summing pixels in a 
given class, for each region, over all axial 
sections. Totals are then expressed as pro- 
portions of the total number of supratento- 
rial pixels. An overall measure of cerebral 
volume loss is computed by expressing the 
total number of non-CSF cerebral pixels as 
a proportion of the supratentorial vclume. 
This measure will be referred to as the ce- 
rebral proportion. The other measures to be 
presented are of cortical sulcal and ventric- 
ular CSF, cortical gray matter, and signal 
hyperintensities in cortical and subcortical 
zones. The hyperintensity proportions are 
multiplied by 100. 


Interoperator Reliability 


To estimate the interoperator reliability, 
20 full sets of axial images from 20 different 
individuals were processed independently 
by two operators. The Table summarizes 
the interoperator correlations for the four 
classes, summed over all sections showing 
the cerebrum, and expressed as proportions 
of the total number of supratentorial pixels. 
The correlations range from .84 to .98 and 
reflect adequate reliability of the method 
across operators. Means and SDs are also 
given in the Table and confirm virtually 
identical classification criteria. 


Statistical Analysis 


Analyses of age effects were conducted 
for the major morphologic variables. 
Three-term polynomial regressions were 
performed for each morphologic variable 
and age. In addition, the residuals were ex- 
amined for evidence of increasing variabil- 
ity in the measures, using similar polyno- 
mial regressions. The function presented 
includes only those terms that significantly 
increased the prediction based on the low- 
er-order polynomial. 


RESULTS 


Routine clinical readings of the MR 
examinations were performed. In 33 
cases no abnormalities were noted. A 
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Fig 3.—Computation of new images for pixel classification. A, Original filtered proton-density 
weighted image. B, Original filtered T,-weighted image. C, Cerebrospinal fluid image. D, Gray-white 
image. 





Fig 4.—Representative, fully processed images. Pixels are classified and zones have been man- 
ually designated. The gray matter pixels have been color coded to display the zone designations: 
right hemisphere cortical, yellow; subcortical, light blue; left hemisphere cortical, white; and sub- 
cortical, green. Cerebrospinal fluid, white matter, and hyperintensity pixels in all zones are 
displayed in red, black, and blue, respectively; however, these pixels are coded separately by zone 
so that regional measures may be computed. The three sections in the upper row are from a 10- 
year-old normal subject, and the three comparable sections in the lower row are from a 68-year- 
old normal subject. 
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single hyperintensity was noted in a 
32-year-old woman, a 41-year-old man, 
and a 54-year-old woman. Scattered 
hyperintensities in deep cerebral 
white matter, mostly in the centrum 
semiovale, were noted in one 44-year- 
old man and seven women and five men 
older than 60 years of age. Both ad- 
vanced volume loss for age and similar 
scattered hyperintensities were noted 
in a 49-year-old man, a 59-year-old 
woman (who also had a right cerebel- 
lar venous angioma), a 62-year-old 
man, and a 73-year-old woman. Ad- 
vanced volume loss alone was noted in 
a 32-year-old woman and a 35-year-old 
man. A right cerebellar venous angi- 
oma was noted in a 9-year-old boy, and 
several tiny punctate hyperintensities 
in deep white matter were noted in a 
10-year-old boy. Mild increase of sig- 
nal intensity in the pons was noted in 
a 44-year-old man. 

For each brain measure the simple 
linear correlation with age was highly 
significant. A significant linear de- 
crease occurred over the age range in 
the cerebral proportion measure (r = 
—.62, P « .001). The function is illus- 
trated in Fig 5. Significant linear in- 
creases were observed in both cortical 
(r= .58, P «.001) and ventricular 
(r= .65, P «.001) CSF measures, as 
shown in Figs 6 and 7, respectively. 
The measure of cortical gray matter 
showed a curvilinear decrease with age 
(Fig 8) (multiple r 2.80 with linear 
and quadratic age terms, P < .001). 
Both measures of signal hyperintensi- 
ties were related to age with highly 
nonlinear functions, as illustrated in 
Figs 9 and 10 for the cortical zone 
(multiple r-.60 with linear, qua- 
dratic, and cubic terms, P « .001) and 
the subcortical zone (multiple r = .68 
with linear, quadratic, and cubic 
terms, P < .001), respectively. 


COMMENT 


The age function shown in Fig 5 
closely resembles that for a similar 
measure taken from neuropathologic 
material by Davis and Wright? In 
their study, as in the present study, 
brain volume declined from an average 
of about 93% of cranial volume at age 
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Summary of Interoperator Reliability Analysis 


Operator 1, 
Mean + SD 


0.11 + 0.06 
0.52 + 0.06 
0.37 + 0.05 
0.002 + 0.001 











Interoperator 

Correlations, 
Operator 2, Spearman 
Mean + SD Rank Order 






0.10 + 0.06 
0.52 + 0.08 
0.38 + 0.07 .84 

0.002 + 0.001 












20 years to about 82% at age 80 years. 
Similarly, the functions in Figs 6 and 
7 show increases in sulcal and ventric- 
ular CSF comparable to those demon- 
strated with CT.? The measurements 
of volume loss presented herein appear 
to be comparable to those from quan- 
titative CT measures and may ap- 
proach the accuracy of postmortem 
measures, with the added advantage 
that the CSF may be measured locally. 

The decrease in cortical gray matter 
volume also agrees with neuropatho- 
logic findings. Hubbard and Anderson‘ 
reported values for a measure of the 
cerebral cortical volume for 19 normal 
controls. Their measure was expressed 
as a proportion of total cranial capac- 
ity and ranged from 0.45 to 0.39 in their 
23- to 95-year-old subjects. Our mea- 
sure is expressed as a proportion of the 
supratentorial cranium, excluding the 
posterior fossa; however, adjusting our 
values to include the volume of the 
posterior fossa in the denominator of 
the ratio yields values similar to the 
neuropathologic data. Our adjusted 
volumes range from 0.46 to 0.30 in the 
adult subjects. Thus, the range we ob- 
served is somewhat larger than in the 
earlier study. To some degree this in- 
crease in range would be expected with 
an increase in sample size from 19 to 
58. It is possible, however, that the in- 
creased variability is also due to re- 
duced sensitivity of this method rela- 
tive to the postmortem methods. Po- 
tential contamination of the gray 
matter measures when white matter 
has abnormally lengthened T, is dis- 
cussed below. In any event, however, it 
seems likely that the age decreases in 
our measures of cortical gray matter 
reflect to a substantial degree those 
changes reported in postmortem 
brains. It is hoped that our correlative 
neuropathology studies will identify 
which cortical elements are lost in as- 
sociation with the observed volume 
changes. 

In Fig 4, three sections from a young 
normal subject are shown in the top 
row, and three comparable sections 
from an elderly normal subject are 
shown in the lower row. Although 
these subjects were chosen randomly 


from the two subgroups, most of the 
age differences are discernible in the 
images. The CSF in both ventricles and 
sulci is increased in the elderly control 
relative to the younger subject. The 
cortical ribbon also appears somewhat 
thinner in the elderly subject. 

The evidence from clinical MR stud- 
ies suggests that signal hyperintensi- 
ties are increasingly prevalent in nor- 
mal subjects with advancing age. 
Our findings confirm this observation 
and suggest that hyperintensities oc- 
cur in both cortical and subcortical 
zones. Visual comparison of the pro- 
cessed images with the original images 
reveals that pixels in small visible hy- 
perintensities within white matter are 
frequently classified as gray matter 
pixels with our computer-aided meth- 
ods. In fact, in most instances, the sig- 
nal intensity values of these pixels, in 
both PDW and T,W matrices, are well 
within the range of normal gray mat- 
ter, owing to partial voluming of white 
matter with hyperintensities or sub- 
tle degrees of demyelination. These 
small hyperintensities are therefore 
“missed.” This limitation is to some 
extent balanced, however, by an in- 
creased sensitivity to hyperintense ar- 
eas adjacent to gray matter and CSF, 
where visual identification is often dif- 
ficult. The measurement of hyperin- 
tensities with this method appears to 
be quite conservative, and possibly 
significant areas of abnormally in- 
creased signal may be missed. Also, 
normally hyperintense areas, such as 
those commonly occurring in associa- 
tion with vessels and at the tips of the 
ventricles, usually ignored by neuro- 
radiologists, are necessarily included 
in our measures. Further studies are 
needed to determine the clinical corre- 
lates, if any, of our measures of signal 
hyperintensities. 


LIMITATIONS OF THE METHOD 


Interoperator reliability for the 
pixel classification step seems to be 
high. This sets a limit on the reliabil- 
ity of the overall method and ulti- 
mately on its validity. However, the 
reliability computed herein has no 
bearing on the reliability of image- 
analysis results across multiple exam- 
inations of the same individual since 
the same set of images was analyzed by 
both operators. 

One weakness limiting the validity 
of our method is the necessity for ob- 
taining reference samples from within 
the brain values. If the white matter is 
abnormal, an inappropriate estimate 
of the characteristic value for white 
matter may result, with a concomitant 
inappropriate adjustment of the clas- 
sification criteria. Thus, an elevation 
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Fig 5.— The linear decrease of the cerebral proportion across the age 
range. The center line is a linear fit to the data (r = —.62, P < .001). 
No significant change in the variance was observed. The upper and lower 
lines are 2 SDs above and below the regression line. 
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Fig 7.— The linear increase in ventricular cerebrospinal fluid across the 
age range. The center line is a linear fit to the data (r = .65, P< .001). 
No significant change in the variance was observed. The upper and lower 
lines are 2 SDs above and below the regression line. 
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Fig 9.— The curvilinear increase in cortical signal hyperintensities 
across the age range. The center curve is a polynomial fit to the data 
with significant linear, quadratic, and cubic terms (multiple r — .60, 
P < .001). A nonlinear increase in the variance was also observed 
(multiple r = .50 with linear, quadratic, and cubic terms P < .002). The 
upper and lower curves represent the age-predicted 2-SD limits. 
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Fig 6.— The linear increase in cortical sulcal cerebrospinal fluid (CSF) 
across the age range. The center line is a linear fit to the data (r — .58, 
P « .001). No significant change in the variance was observed. The up- 
per and lower lines are 2 SDs above and below the regression line. 
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Fig 8.—The curvilinear decrease in cortical gray matter across the age 
range. The center curve is a polynomial fit to the data with significant 
linear and quadratic terms (multiple r= .80, P< .001). A linear 
increase in the variance was observed. The upper and lower curves di- 
verge from the solid curve as predicted from this increase. 
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Fig 10.—The curvilinear increase in subcortical signal hyperintensities 
across the age range. The center curve is a polynomial fit to the data 
with significant linear, quadratic, and cubic terms (multiple r = .68, 
P < .001). A nonlinear increase in the variance was also observed 
(multiple r = .83 with linear, quadratic, and cubic terms, P < .001). The 
upper and lower curves represent the age-predicted 2-SD limits. 
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of T, of white matter, a common oc- 
currence in the brains of elderly 
subjects,” could lead to a systematic 
misclassification of true gray matter 
pixels as "white matter" pixels. The 
operators attempt to exclude patho- 
logie white matter from their sample 
selections. However, subtle variations 
may not be detectable or avoidable. To 
examine our data for evidence of sig- 
nificant inaccuracy due to this factor, 
we computed the correlations between 
the mean signal values in the white 
matter samples and the cortical gray 
matter proportions. The correlations 
were very small and not statistically 
significant. Furthermore, a partial 
correlation removing the effects of 
variation in white matter signal inten- 
sity yielded a slightly higher linear 
correlation between the cortical gray 
matter proportion and age (—.81 vs 
—.77). Thus, changes in gray matter 
classification induced by lengthened T, 
in white matter appear to account for 
a negligible degree of variation in our 
gray matter proportions, and there is 
no evidence that the age-related de- 
crease in cortical gray matter volume 
is mediated by white matter changes. 
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In some white matter regions, such 
as the forceps major, pixels may have 
values identical to cortical gray matter 
on both PDW and T,W images. Since 
the classification is based on signal in- 
tensity values, these pixels will be 
misclassified as gray matter, leading 
to a systematic overestimate of gray 
matter volume, especially in the sub- 
cortical region, with a commensurate 
underestimate of white matter. 

Another limitation of the method 
arises when fully volumed white mat- 
ter samples are not available on each 
section processed. This occurs most 
commonly at the periphery of the 
brain: at the base and the vertex in the 
axial series and at the frontal and oc- 
cipital poles in the coronal series. 
These are also the regions in which the 
signal strength tends to be most vari- 
able. Frequently, on these sections, an 
estimate of the white matter value 
must be taken from a section several 
centimeters removed, and the classifi- 
cation may at times be inappropriate. 
Currently, we use partially volumed 
samples on the sections or avoid using 
the data from these sections when 
possible. 
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Localization of Auditory Response Sources Using 
Magnetoencephalography and 
Magnetic Resonance Imaging 


Andrew C. Papanicolaou, PhD; Stephen Baumann, PhD; Robert L. Rogers, PhD; 
Christy Saydjari; Eugenio G. Amparo, MD; Howard M. Eisenberg, MD 


e Magnetoencephalography offers the 
possibility of localizing accurately and 
noninvasively the source of intracranial 
currents associated with normal and ab- 
normal brain activity. The purpose of this 
study was to assess the validity and 
across-subject reliability of localization of 
cortical sources responding to ipsilateral 
and contralateral auditory stimulation. 
Magnetic evoked fields to both stimulation 
conditions were measured in eight con- 
secutive normal subjects, and the cortical 
sources of these fields were estimated on 
the basis of these measurements. Subse- 
quent projection of the source location 
coordinates onto magnetic resonance im- 
ages showed that in all subjects the 
sources were accurately estimated to fall 
in the vicinity of the auditory cortex and 
thattwo separate sources may account for 
the response to ipsilateral and contralat- 
eral stimulation. 

(Arch Neurol. 1990;47:33-37) 


Although magnetoencephalography 

(MEG) and electroencephalogra- 
phy (EEG) are related methods for as- 
sessing brain activity, the measure- 
ment of magnetic fields about the head 
has several unique features that differ 





Accepted for publication June 20, 1989. 

From the Division of Neurosurgery (Drs Papa- 
nicolaou, Baumann, Rogers, and Eisenberg and 
Mr Saydjari) and the Department of Radiology 
(Dr Amparo), The University of Texas Medical 
Branch, and the Magnetoencephalography Labo- 
ratory, Transitional Learning Community (Drs 
Papanicolaou, Baumann, Rogers, and Eisenberg 


\ and Mr Saydjari), Galveston, Tex. 


Reprint requests to Division of Neurosurgery 
E-17, The University of Texas Medical Branch, 
Galveston, TX 77550 (Dr Papanicolaou). 


Arch Neurol—Vol 47, January 1990 


from those of electrical potentials. 
Magnetic fields are primarily due to 
intracellular dendritic currents'? and 
remain relatively undistorted as they 
emerge through tissue layers of inho- 
mogeneous conductivity)^ Surface 
EEG recordings, in contrast, are prod- 
ucts of volume currents that can be 
dramatically altered by the different 
types of tissue they encounter between 
their source and the surface recording 
site, thus rendering estimates of the 
location of their source very problem- 
atic. 

An external magnetic field produced 
by a current source in a homogeneous 
sphere consists of two vector compo- 
nents, one radial and one tangential to 
the surface of the sphere. The design of 
the magnetic sensors used in this study 
allows for the measurement of the ra- 
dial component of the magnetic field so 
that contributions from volume-con- 
ducted currents are negligible.’ Multi- 
ple measurements at different exter- 
nal locations over the scalp are used to 
estimate the location of the current 
source by fitting the data to a spheri- 
cal model. Such an approach is quite 
accurate in identifying generators lo- 
cated a few centimeters away from the 
scalp surface.’ 

Since MEG was first used in 1972 to 
record magnetic fields arising from in- 
tracranial currents a considerable 
number of studies have been conducted 
attempting to localize sources of clin- 
ically significant events such as in- 
terictal spikes"? or of normal brain 
responses associated with sensory and 
motor activity." Precise localization 


of brain activity sources is, after all, 
the major putative advantage of MEG 
over traditional electrophysiologic 
procedures, ie, scalp-recorded EEG 
and evoked potentials (EPs). Up to the 
present time, however, attempts to 
substantiate the claim that MEG can 
provide valid localization for the 
sources of sensory responses in the 
brain may be questioned on pragmatic 
grounds. Namely, the location param- 
eters of the sources, often reliably es- 
timated from the recorded magnetic 
field over the scalp, are not routinely 
projected onto magnetic resonance im- 
ages (MRIs) or computed tomograms 
of the individual subject's head that 
could allow one to verify whether the 
estimated source is actually localized 
in the appropriate anatomical struc- 
ture. Rather, with the notable excep- 
tion of a recent study" in which calcu- 
lated sources of the early positive peak 
of the auditory response were pro- 
jected onto MRIs in a series of six sub- 
jects, most investigators project the 
calculated source location onto a ge- 
neric model of the head. Moreover, in 
those rare occasions where tomo- 
graphic images of the subjects’ brain 
were used,'*? this type of verification 
was performed on only one or two sub- 
jects. 

Consequently, the present study was 
conducted to ascertain whether the 
source of a readily identifiable late 
component of the auditory evoked re- 
sponse known in the EP literature as 
N1 could be localized accurately (in the 
auditory projection area from which it 
purportedly arises)? and reliably (ie, 
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in a series of eight different subjects). 
A secondary aim of the study was to 
determine whether responses to ipsi- 
laterally and contralaterally pre- 
sented stimuli share a common source 
or are generated at two different loca- 
tions in the auditory cortex. It is clear 
that unless the sources of sensory ac- 
tivity, deduced from MEG measure- 
ments over the head surface, are 
shown to fall within the expected ana- 
tomical region in all subjects, future 
use of the MEG as an accurate, nonin- 
vasive localization procedure would re- 
main doubtful. 


SUBJECTS AND METHODS 


Eight normal adult volunteers, five men 
and three women, ranging in age between 
22 and 53 years, participated in the study. 
Each subject was tested individually in a 
magnetically shielded chamber (Vacuum- 
schmelze GmbH). A 1-kHz tone generated 
by a stimulus generation module (Nicolet 
Compact Four), 50 milliseconds in duration 
(10-millisecond rise/fall and 30-millisecond 
plateau), with an intensity of 105 dB normal 
hearing level (nHL) at the source, was 
channeled to the subject's ear through a 
91.44-cm-long plastic tube of 0.13-cm inner 
diameter terminating in an insert earphone 
(Nicolet TIP-300). Similarly, white mask- 
ing noise of 60 dB nHL at the source was 
channeled into the other ear. On the basis 
of the tube characteristics, we estimated 
that the intensity levels of the tone and the 
noise at the subject's ears was about 95 dB 
and 50 dB and nHL, respectively. The stim- 
ulus delivery rate was varied at random be- 
tween 0.33/s and 0.5/s around a mean of 
0.4/s. Fifty responses to the stimulus were 
averaged at each measurement point. 

Measurements of the averaged evoked 
magnetic fields (EMFs) were made over the 
right hemisphere of each subject. A neuro- 
magnetometer (BTI model 607) with seven, 
second-order gradiometers was used, allow- 
ing simultaneous measurement of EMFs at 
seven scalp positions about 1 cm apart and 
covering a circular area of about 6 cm in di- 
ameter. The seven gradiometers are super- 
conducting and housed in a cryogenic con- 
tainer (Dewar), the tail end of which was 
placed successively at eight adjacent loca- 
tions covering the recording area of inter- 
est over the scalp. These eight locations 
were sampled in a different random order 
for each subject. At each location, averaged 
EMF to the tone delivered through the ip- 
silateral (right) and contralateral (left) 
ears were obtained from all seven channels 
before the Dewar was placed over the next 
location. The order of ear stimulation was 
counterbalanced over the eight locations 
for each subject. Consequently, a total of 56 
averaged EMFs was obtained for each ear 
stimulation condition with each subject, 
constituting an adequate magnetic field 
map of the two responses. 

The precise location of each of the 56 
measurement points on the scalp was de- 
termined electronically with reference to a 
Cartesian coordinate system anchored on 
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three landmarks (fiduciary points) on each 
subject's head: two preauricular points and 
the nasion. The line passing through the 
two preauricular points served as the y-axis 
of the system. The line perpendicular to the 
y-axis passing through the nasion served as 
the x-axis, and the line perpendicular to the 
x-y plane passing through the x-y origin 
served as the z-axis. 

Subsequently, three small, easily identi- 
fiable lipid markers (vitamin pills), placed 
over the three fiduciary points, served to 
define the coordinate system for MRIs. Fol- 
lowing EMF recordings, MRIs were ob- 
tained from each subject using an imaging 
system (Technicare) with a 0.6-T magnet. 
Serial coronal MRI sections, 0.5 cm in thick- 
ness, were taken at right angles to the plane 
defined by the three fiduciary points (the x- 
y plane). Thus, the employment of a com- 
mon coordinate system for the MEG and 
MRI data made it possible to visualize and 
define, for each subject, the anatomical 
structures onto which the calculated 
sources of the EMF responses were pro- 
jected. The accuracy of this projection was 
limited by the following three factors: (1) 
the spatial resolution of the MRIs (ie, 0.625 
cm); (2) the ambiguity associated with de- 
fining the center of each pill that served to 
mark each fiduciary point (+0.3 em); and 
(3) small deviations in obtaining MRI sec- 
tions perfectly perpendicular to the x-y 
plane. This last source of error was cor- 
rected in each subject by adjusting trigo- 
nometrically for head tilts during MRI so as 
to restore reasonably accurate superimpo- 
sition of the two Cartesian coordinate sys- 
tems used for the MEG and the MRI scans. 


RESULTS 


The EMF waveforms were charac- 
terized by two major peaks very simi- 
lar to those of the auditory EPs. The 
first peak, corresponding to the N1 of 
the EPs occurred with an average 
latency of 82.65 milliseconds for the 
contralateral stimulus and 105.03 mil- 
liseconds for the ipsilateral stimulus. 
The second peak corresponding to the 
P2 of the EPs was less well defined in 
the majority of the subjects and oc- 
curred with an average latency of 160 
seconds poststimulus. All subsequent 
analyses and discussion concern the 
first, most reliable and well-defined 
EMF peak. 

The two magnetic field extrema for 
that peak (N1) were obtained in the 
same scalp locations as in previous 
studies.^^ The positive (maximum) 
was anterior to the ear and the nega- 
tive (minimum) was posterior and su- 
perior to the ear in all subjects. More- 
over, the magnetic field strength was 
greater at the minimum extremum 
than at the maximum extremum as 
expected.’ Specifically, the peak am- 
plitude at the minimum averaged 
—381.25 and —382.00 fT for contralat- 
eral and ipsilateral stimuli, respec- 
tively, and 347.75 and 233.25 fT at the 


maximum (Fig 1). Isofield contour 
maps for this peak, constructed on the 
basis of the 56 waveforms, were also 
similar to those reported in other 
studies'**> for both stimulation condi- 
tions, suggesting that the response 
source could be treated as a single 
equivalent dipole (see Fig 1). The loca- 
tion of these sources was subsequently 
estimated on the basis of the recorded 
fields using a finite difference version 
of the Levenberg-Marquardt algo- 
rithm.” The dipole localization solu- 
tions were made for the best-fitting 
sphere, the curvature of which was de- 
fined by the surface of the scalp within 
a circular area of approximately 5-cm 
radius over the auditory cortex in all 
but one subject who was unavailable 
for head curvature measurements. For 
this subject, the best-fitting sphere 
was defined as the one centered on the 
origin of the x-, y-, and z-axes. Esti- 
mation of the best-fitting sphere for 
the seven subjects was done through a 
least squares procedure." 

In view of the fact that the EMF 
peak amplitude did not reach maximal 
values at exactly the same latency in 
all56 waveforms, dipole solutions were 
performed for three to four adjacent 
peak latencies covering a latency range 
of 15 to 20 milliseconds. The dipole pa- 
rameters (location, orientation, and 
strength) obtained at each latency 
point were essentially identical. There- 
fore, subsequent discussion will be 
centered on one such latency point. 

The dipole estimation algorithm 
represents an attempt to solve the in- 
verse problem through a series of iter- 
ative, forward solutions whereby a set 
of dipole parameters (three of position 
in a Cartesian coordinate system, one 
of dipole strength, and one of orienta- 
tion) are used to calculate a magnetic 
field on the surface of the best-fitting 
sphere. Then the calculated and the 
empirically obtained fields are com- 
pared using a least squares estimation 
procedure. If the degree of difference 
between the two fields is high, the di- 
pole parameters are changed and a 
new field is calculated. This iterative 
procedure terminates when no further 
reduction in the differences between 
the two fields is obtained, and the 
dipole parameters of the last solution 
are considered as estimates of the 
actual location, orientation, and 
strength of the source that gave rise to 
the recorded magnetic field. Yet these 
estimates are not unique. An entirely 
different combination of values for the 
five dipole parameters could give rise 
to the same best-fitting field. This un- 
certainty is intrinsic to all inverse 
problem solutions and cannot be over- 
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Contralateral Stimulation 


Ipsilateral Stimulation 





Fig 1.—Evoked magnetic field waveforms and the associated isofield contour maps for the N1 peak during contralateral and 
ipsilateral ear stimulation in one subject. 


come mathematically. No matter how 
reliably similar location parameters 
are obtained in all subjects, it is still 
possible that they are the wrong ones. 
This is precisely why independent con- 
firmation of the validity of localization 
is necessary. 

To access the validity of the source 
localization solutions obtained for 
each subject during ipsilateral and 
contralateral ear stimulation, the 
source location values (given in milli- 
meters along the z-, y-, and 2-axes of 
the coordinate system) were projected 
onto the appropriate coronal sections 
of the MRI, since, as mentioned above, 
the same fiduciary points defined the 
same coordinate system in both the 
MEG and MRI spaces. The results of 
this procedure are shown in Fig 2. 

The dipolelike sources of both re- 
sponses (to ipsilateral and contralat- 
eral stimuli) were in the vicinity of the 
auditory cortex in all eight subjects. To 
obtain an estimate of between-subject 
variability in source localization, a 
central point on the floor of the sylvian 
fissure, midway between the lateral 
and medial edges of the temporal lobe 
of each subject's MRI section, was de- 
fined (Fig 2), and the distance of each 
of the two sources (to contralateral 
and ipsilateral stimuli) was measured 
from that central point. Subsequently, 
the average location of each source 
over the eight subjects was computed. 
The mean locus of the response to the 
contralateral stimulus was 3.75 mm 
medial to the central point (SD = 5.77 
mm), 2.50 mm below the floor of the 
sylvian fissure (SD = 4.53 mm), and 
2.63 mm posterior to the central point 
(SD 23.81 mm). The corresponding 
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values of the response source to the ip- 
silateral stimulus were 2.88 mm 
(SD 27.89 mm) medial, 5.00 mm 
(SD = 5.48 mm) below the fissure floor, 
and 0.38 mm (SD = 4.93 mm) anterior 
to the central point. Figure 2 shows the 
relative mean position of the two di- 
poles on the coronal plane. Thus, the 
response source to the contralateral 
stimulus appears to be medial, supe- 
rior, and posterior to that of the ipsi- 
lateral stimulus. Although neither the 
distance nor the strength (in ampme- 
ters) of the two sources is statistically 
different, their relative orientation 
does differ by 54.62? (t = 2.46; df= 7; 
P < .007), indicating that the two re- 
sponses may be generated by adjacent 
yet differently oriented cortical col- 
umns in the auditory cortex. 


COMMENT 


In this study we systematically ex- 
plored the feasibility of identifying the 
brain structure that contains the 
source of the auditory response known 
in the EP literature as N1, using an 
unselected group of normal subjects. 
We demonstrated first that the equiv- 
alent dipole locations as calculated on 
the basis of the externally recorded 
magnetic fields do fall within the vi- 
cinity of the auditory projection area 
in each of the eight subjects. This 
indicates that, in spite of violations of 
the assumptions underlying the source 
localization algorithm used (such as 
varying degrees of deviations from 
sphericity of different heads), and in 
spite of measurement errors and spa- 
tial resolution limitations of the MRI 
alluded to previously, one can achieve 
acceptable localization accuracy for 


brain events that are substantially 
more feeble than clinically significant 
ones such as interictal spikes. i 

Of course, the precise degree of lo- 
calization accuracy is quite difficult to 
ascertain in this type of study for the 
following reasons: (1) it is difficult to 
define on MRI the precise borders of 
the auditory cortex; (2) there is no in- 
dependent confirmation for the as-. 
sumption that a particular peak of the 
sensory response must arise within a 
particular small region of the auditory 
projection area; and (3) the degree of 
actual variation of the functional 
anatomy of different subjects is un- 
known. Nevertheless, even within the 
above-mentioned limits of certainty, it 
is possible to improve the accuracy of 
localization and to identify obvious er- 
rors. For example, small deviations of 
the auditory response sources along 
the vertical axis, ie, either above or 
below the floor of the sylvian fissure, 
are most likely due to measurement . 
errors. Specifically, they may be due to 
the fact that measurements of the 
lower part of the magnetic field (over 
the cheek bone) result in lower field 
strength values due to greater devia- 
tions of these points in distance and 
angle from the ideal sphere defined by 
the cranial cavity, and systematically 
bias localization of the source along ` 
the vertical direction? Such errors 
could, in principle, be minimized, and 
we are in the process of developing 
methods to account for them. 

The secondary aim of this study was 
to examine whether responses to ipsi- 
lateral and contralateral stimulation 
under identical conditions are gener- - 
ated by different sources as previous 
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Fig 2.—Coronal magnetic resonance imaging sections containing the N1 source for the contralateral stimulus (large cross) 
and the ipsilateral stimulus (small cross) for each subject and the mean location of each source over all the subjects, along 
with the SD on the vertical and horizontal directions, projected on the MRI of one subject. 
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studies have shown,?^?"? and to deter- 
mine the spatial relation of the two 
sources. In addition, in view of the 
known asymmetry in the auditory 
pathways, and the fact that we used 
masking noise, we expected to find that 
the response to the ipsilateral stimu- 
lus would be weaker and of longer la- 
tency. 

With respect to the former issue, our 
data tend to support the contention 
that separate adjacent regions in the 
right auditory cortex respond to con- 
tralateral and ipsilateral stimulation, 
yet further investigations are neces- 
sary to confirm it. 

With respect to relative response 
strength in the two stimulation condi- 
tions, our expectations based on previ- 
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ous reports? were disconfirmed by 
the data. Both, the measured external 
field strengths (in femtotesla) and the 
calculated source strength (in ampme- 
ters), were comparable in the two con- 
ditions. Nevertheless, the ipsilateral 
response was of significantly slower 
latency than the contralateral re- 
sponse by 22.38 milliseconds, as previ- 
ously reported.*” The physiologic 
mechanisms of this reliable latency 
difference are currently being investi- 
gated in the context of another study 
in our laboratory. 

In conclusion, this study represents 
an initial systematic and successful 
attempt to assess the validity and be- 
tween-subjects variability of source 
localization using MEG and MRI. The 
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Amyotrophic Lateral Sclerosis 


A Case-Control Study Following Detection of a 
Cluster in a Small Wisconsin Community 


Dean G. Sienko, MD; Jeffrey P. Davis, MD; Jack A. Taylor, MD; Benjamin R. Brooks, MD 


@ From 1975 to 1983, six cases of amy- 
otrophic lateral sclerosis (ALS) were diag- 
nosed in long-term residents of Two Riv- 
ers, Wis; the probability that this occurred 
due to chance was less than .05. To inves- 
tigate potential risk factors for ALS, we 
conducted a case-control study using two 
control subjects matched to each case 
patient for age, gender, and duration of 
residence in Two Rivers. Physical trauma, 
the frequent consumption of freshly 
caught Lake Michigan fish, and a family 
history of cancer were reported more of- 
ten by case patients than control subjects. 
These findings support previous studies 
proposing a role for trauma in ALS patho- 
genesis and suggest that the causative 
role of diet should be further explored. 
' Continued surveillance for and epidemio- 
logic investigation of ALS clusters with 
subsequent retrospective analysis may 
provide clues concerning the cause of 
ALS. 

(Arch Neurol. 1990;47:38-41) 


The cause of amyotrophic lateral 
sclerosis (ALS) remains unknown 
and no specific unequivocal clinical 
predictors for the subsequent occur- 
rence of ALS have been identified. Al- 
though a variety of risk factors have 
been hypothesized to play a role in the 
causation of sporadic ALS,' a consis- 
tent hypothesis has yet to be proposed. 
The prevalence of ALS is perhaps 
most noted on the Marianas Islands of 
Guam and Rota and the Kii Peninsula 
of Japan; it is particularly prevalent 
among the Chamorro residents of the 
Marianas Islands.?? Since 1955 the in- 
cidence of ALS on Guam has declined,‘ 
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and because no unequivocal genetic or 
viral factors have been found to ex- 
plain this disease, recent scientific in- 
terest has focused on environmental 
agents to which the Chamorro resi- 
dents had decreasing exposure since 
World War II. A hypothesis emerged 
that specific dietary exposures, partic- 
ularly the seed of the neurotoxic plant 
Cycas circinalis, may be important in 
the cause of the Guamanian type of 
ALS and a parkinsonism-demen- 
tia clinical variant; Various glyco- 
sides having neurotoxic properties, 
including cycasin and  a-amino- 
B-methylaminopropionic acid, have 
been found in C circinalis.*’ Recently, 
repeated feeding of a-amino-6-meth- 
ylaminopropionic acid to macaque 
monkeys resulted in corticomotoneu- 
ronal dysfunction, parkinsonian fea- 
tures, and behavioral abnormalities 
with chromatolytic and degenerative 
changes in motor neurons in the cere- 
bral cortex and spinal cord.® 

In an attempt to determine risk fac- 
tors for the development of sporadic 
ALS in other geographic locations, 
clusters of the disease have been 
studied.” However, a case-control 
study of a cluster to evaluate possible 
risk factors for sporadic ALS with 
particular attention to dietary expo- 
sures has not been conducted previ- 
ously. We investigated a cluster of ALS 
cases among residents of Two Rivers, 
Wis, and conducted a case-control 
study to evaluate potential risk factors 
that may be associated with the occur- 
rence of sporadic ALS. 


SUBJECTS AND METHODS 


Two Rivers (population, 13 400, 1980 cen- 
sus) is a predominantly white, middle-class 
community situated approximately 100 
miles north of Milwaukee along the Lake 
Michigan shoreline. The city is divided into 
three sections by the West and East Twin 
rivers. The Two Rivers, economy is based 
predominantly on fishing, shipping, and 
light industry (including aluminum manu- 
facturing plants). 


Case Ascertainment and Case Definition 


Cases were ascertained from a review of 
Wisconsin death certificate records and 


through telephone contact with all practic- 
ing neurologists in the greater Two Rivers 
area, as well as neighboring Manitowoc, 
Wis. 

Potential case patients included living or 
deceased residents of Two Rivers who were 
diagnosed with ALS between January 1, 
1975, and February 28, 1983. A case of spo- 
radic ALS was defined as the presence of 
weakness and atrophy of bulbar and/or 
limb skeletal muscles, spasticity and/or in- 
creased deep tendon reflexes, and the ab- 
sence of extraocular muscle weakness, clin- 
ically significant sensory deficits, bowel/ 
bladder incontinence, and autonomic dys- 
function. Electromyographic examination 
was performed at least twice on each pa- 
tient. Case records were reviewed and the 
diagnostic assignments validated by an in- 
dependent neurologist. 


Control Selection 


Each case patient was matched for gen- 
der and age (within 5 years) with two con- 
trol subjects. Control subjects were re- 
quired to have resided in Two Rivers for at 
least 10 years. Deceased control subjects 
were selected for the deceased case patients. 

Living case patients provided a list of 
three suitable control candidates during an 
introductory telephone noninterview con- 
tact. These control candidates were either 
neighbors or acquaintances of the case pa- 
tients. We telephoned nominated control 
candidates in the order given by the case 
patients; during this contact, the study and 
the nature of their participation were ex- 
plained. No nominated control candidates 
refused to participate. 

Control subjects for deceased case pa- 
tients were sought by telephone contact 
with households, beginning with the near- 
est residence neighboring the deceased case 
patient's death certificate address. Respon- 
dents at these homes were asked if anyone 
in the household, of the same gender and 
age (within 5 years), had died of a nonneu- 
rologic illness within 1 year of the matched- 
case patient's date of death. If a control 
candidate was not found, neighboring 
households were called (in order of decreas- 
ing proximity to the deceased-case patient 
address) until a suitable control subject 
agreed to participate in the study. There 
were no suitable control candidates who 
declined participation. 


Case and Control Interviews 


A detailed questionnaire was adminis- 
tered by one of us (D.G.S.) to the study par- 
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tieipants in their homes; each interview 
took approximately 60 minutes to complete. 
Questions were read to the participant and 
answers recorded on a standard data col- 
lection form. Family members present dur- 
ing the interview were allowed to assist in 
recalling events; however, the recorded re- 
sponse always reflected the opinion of the 
study participant. For deceased study par- 
ticipants, surviving spouses were inter- 
viewed; in one instance, the study partici- 
pant was unmarried and his next of kin (a 
nephew) was interviewed. 

The interview questions included level of 
education; travel or residence outside the 
continental United States; membership in 
social organizations; places of residence in- 
cluding the number of years at each loca- 
tion, the location's proximity to major in- 
dustries, any history of insecticide spraying 
in the home, and the presence of household 
pets; exposure to ultraviolet radiation; par- 
ticipation in organized sports and history of 
sports-related injuries; general level of 
daily physical activity; major hobbies; ex- 
posure to wildlife as a hunter, tanner, taxi- 
dermist, or butcher; exposure to farm ani- 
mals; animal bites; smoking history; 
dietary history; occupational history, in- 
cluding military service; work-related ill- 
nesses; vocational or avocational exposure 
to heavy metals; exposure to agricultural 
chemicals; past or present illnesses, medi- 
cation use, surgical procedures, radiation 
therapy, immunizations, personal or family 
history of cancer or neurologic conditions; 
motor vehicle injuries; and major source of 
drinking water. The dietary component of 
the questionnaire was adapted from a ques- 
tionnaire used in a previous study.^ A 
detailed questionnaire is available from the 
authors. 

Responses to questions on exposure to 
sunlight, level of physical activity, dietary 
history, exposure to farm animals, and 
medication use were categorized into the 
following time intervals: prior to 1940, 1940 
to 1949, 1950 to 1959, 1960 to 1969, 1970 to 
1979, and 1980 to 1983. Responses for each 
of these time periods were organized on an 
ordinal scale (eg, never, sometimes, often, 
always). 


Laboratory Testing 


During the interview visit, 15 mL of blood 
was obtained from each surviving partici- 
pant and placed into blood collection tubes 
(Vacutainer) without preservatives; this 
blood was refrigerated after collection. 
Participants also provided a 24-hour urine 
specimen; these specimens were refriger- 
ated during and subsequent to collection. 

Blood was tested for lead, and 250-mL 
aliquots of urine were tested for mercury” 


Rivers area during the three decades prior 
to this investigation. 


Statistical Testing 


The expected number of cases of ALS in 
Two Rivers was obtained by multiplying 
the population of Two Rivers by a reference 
incidence rate (1.3/100 000). The probabil- 
ity that the observed average annual inci- 
dence rate for ALS in Two Rivers occurred 
due to chance was estimated using the 
Bailar and Ederer' test for the ratio of a 
Poisson variable to its expectation. 

Significance testing of case and control 
responses from the questionnaire was per- 
formed using the two-tailed Fisher’s Exact 
Test. Where mean values were obtained, 
two-sided Student's t tests were applied. 


RESULTS 


Six cases of ALS occurring in five 
men and one woman were identified; 
their dates of birth, initial symptom, 
diagnosis, death, and intervals lived in 
Two Rivers are listed in Table 1. The 
cases' symptom presentation, neuro- 
logical examination, and clinical 
course of disease are provided in Table 
2. No cases represented familial ALS 
and no case and control families were 
related. Through 1983, no other pa- 
tients had been diagnosed or died with 
ALS in Two Rivers since maintenance 
of centralized ALS data began in Wis- 
consin in 1973. 

The six cases of ALS were diagnosed 
within a span of 7% years. This repre- 
sents an average annual incidence of 
6.0 cases/100 000 population. For a 7.6- 
year period (May 1976 to February 
1983), the expected number of cases of 
ALS for the population of Two Rivers 
would be 1.3; the probability of observ- 
ing six or more cases during this same 
period is less than .01. For a 10-year 
period, the expected number of cases 
would be 1.7; the probability of observ- 
ing six cases would be less than .05. 
Four case patients were alive at the 
time of the study; the prevalence of 


ALS in Two Rivers was 30.0/100 000. 

A summary of the questionnaire re- 
sponse data is presented in Table 3. 
Case patients were more likely than 
control subjects to have a family his- 
tory of cancer (P « .05) but no partic- 
ular type of cancer was evident. Case 
patients were also more likely than 
control subjects to report a history of 
physical trauma (P = .05) and to con- 
sume fish more than three times per 
week (P = .08), particularly fish that 
was freshly caught from Lake Michi- 
gan (P = .04). Moreover, during the 
three decades preceding the 1960s, 
case patients were more likely than 
control subjects (P « .01) to have con- 
sumed freshly caught Lake Michigan 
fish at least once per week; this trend 
continued during the 1960s (P = .05) 
(Table 4). 

The mean levels of blood lead for 
case patients and control subjects were 
10.8 ug/dL (3.1 ug/dL) and 10.6 ug/ 
dL (51.5 ug/dL), respectively (normal 
range, «30 ug/dL). The mean levels of 
urine mercury for case patients and 
control subjects were 2.8 ug/L (+1.0 
ug/L) and 2.4 ug/L (+0.5 ug/L), re- 
spectively (normal range, «10 ug/L). 

Elevated levels (22.0 parts per mil- 
lion, Food and Drug Administration)!” 
of PCBs have been periodically re- 
ported since 1972 in fish taken from the 
West and East Twin rivers and the 
area of Lake Michigan immediately 
offshore from Two Rivers. Fish that 
have demonstrated a PCB level greater 
than 2.0 parts per million, during one 
or more measurements since 1972, 
have included carp, trout, northern 
pike, bullheads, catfish, redhorse, rock 
bass, brook trout, lake trout, alewives, 
whitefish, and lake chubs. 

No elevated selenium measurements 
in forage crops from the Two Rivers 
area are on record. The most recent 
measurement of the crop selenium 
content in Two Rivers was less than 0.1 


Table 1.—Dates of Birth, Initial Symptom, Amyotrophic Lateral Sclerosis (ALS) 
Diagnosis, and Death, and Interval Lived in Two Rivers (Wis) for Patients Who 
Developed ALS in Two Rivers, 1975 to 1983 


Date 


————————— 


Initial 


Intervals Lived in 


Birth 
11/17 
8/08 2/78 
3/20 6/79 
3/32 1/80 


Case No. Symptom 


6/75 


Two Rivers 
1917-1960; 1963-1978 
1908-1982 
1923-1984 
1954-present 


Diagnosis Death 
9/75 3/78 
5/78 7/82 
9/80 3/84 


11/80 Alive 
6/1/89* 


4/82 10/87 


2/83 Alive 
6/1/89t 








at the Wisconsin State Laboratory of Hy- 
giene (Madison). Remaining blood and 
urine were frozen at —20°C. 




















Environmental Testing 








5/25 9/81 
12/23 5/81 


The Wisconsin Department of Natural 
Resources provided test results on poly- 
chlorinated biphenyl (PCB) concentrations 
in fish, and the results of crop selenium 
measurements collected in the greater Two 


1946-1987 
1925-1936; 1938-present 








* Disease plateaued at bulbar and arm involvement. 
tParalyzed with constant respirator support. 
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Table 2.— Initial Symptom Involvement and Most Recent Neurological Signs 
in Patients With ALS From Two Rivers, Wis* 


————————————— 









Most Recent Neurological Signst 






















































Initial Age at Age at Bulbar Arm Leg 
Symptom Diagnosis, Death, OC rr mm 

Case Involvement y y UMN LMN UMN LMN UMN LMN Babinski 

1 Speech 57 60 + + + + + + = 

2 Stumbling 69 73 + + ^ = 4 

3 Stumbling 60 64 + + + + + 

4 Arms 48 Alive T + + T + 
6/ 1/894 

5 Arms 56 62 T + + + = - 

6 Breathing 59 Alive = + + + + + + 
6/1/89§ 





* ALS indicates amyotrophic lateral sclerosis; UMN, upper motor neuron signs of hyperreflexia and spasticity; 


LMN, lower motor neuron signs of weakness and atrophy and/or acute denervation on electromyographic ex- 

amination; plus sign, presence of neurological signs; and minus sign, absence of neurological signs. 
tNeurological signs were determined at last examination before death or the most recent examination. 
Disease plateaued at bulbar and arm involvement. 
§Paralyzed with constant respirator support. 








Risk Factor 
Travel outside the continental United States 


Travel to 
Guam 






Table 3.— Summary of Results of Questionnaire Data Comparing Six Case Patients 
With 12 Matched Control Subjects, Two Rivers, Wis* 













Control 
Subjects 


7/12 





P Value 
NS 








0/6 0/12 NS 





New Guinea 








0/6 0/12 NS 









Japan 


History of physical trauma 
Sport-related injuries 










































































































































































Fracture 5/6 

Injured in an auto accident 3/6 
Sustained an electrical injury 1/6 1/12 
Exposure to lead or mercury 1/6 4/12 
Worked with a pneumatic drill 0/6 1/12 
Employment applying chemicals 2/6 2/12 
Employment in a slaughtering plant 0/6 0/12 
Experience tanning animal hides 0/6 
Experience skinning animals 2/6 
Consumed fish >1 time per week 5/6 
Consumed fish >3 times per week 3/6 
At least 50% of consumed fish was freshly 

caught from Lake Michigan 6/6 5/12 
History of clinical poliomyelitis 0/6 0/12 
Family history of cancer 5/6 3/12 
Personal history of cancer 1/6 0/12 
Recipient of radiation therapy 1/6 1/12 
History of unconscious episodes 2/6 3/12 
History of being confined to a wheelchair 3/6 0/12 .03 





* P values determined by Fisher's Exact Test; NS indicates P » .10. 


part per million (less than 0.1 part per 
million is considered a low selenium 
level)"; these samples were obtained 
during the middle 1960s. 


COMMENT 


A cluster of sporadic ALS cases oc- 
curred in Two Rivers during the late 
1970s and early 1980s. The likelihood 
that the six cases in this cluster oc- 
curred due to chance alone is small; 
this observation suggests that a single 
underlying or triggering event, or com- 
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bination of such events, causatively 
associated with sporadic ALS may 
have been present in the Two Rivers 
area. Based on the long and continuous 
duration of residency of the case pa- 
tients in Two Rivers, it is difficult to 
determine exactly when such events 
occurred; however, since two of the 
case patients did not live in Two Rivers 
until after 1945, it is possible that the 
causatively associated factor may have 
been present in Two Rivers sometime 
after World War II. This would sug- 


Table 4.— Comparison of Reported 
Histories Among Amyotrophic Lateral 
Sclerosis Case Patients and Control 
Subjects for Consuming Fish at Least 

Once per Week, of Which 50% or 
More Was Freshly Caught From Lake 

Michigan, by Decade, Two Rivers, 


Wis 


Control P 
Decade Cases Subjects Value" 


Before 1940 5/6 1/12 
1940-1949 5/6 2/12 
1950-1959 5/6 2/12 
1960-1969 5/6 3/12 
1970-1979 3/6 3/12 
1980-1983t 3/4 3/8 


* P values determined by Fisher's Exact Test; NS 
indicates P > .10. 

tExcludes case patients who had onset before 
1980 and their respective control subjects. 








gest that exposure to a causative agent 
or triggering event for ALS occurs in 
adulthood. 

Clusters of sporadic ALS have been 
reported previously in the medical lit- 
erature. Hochberg et al? reported a 
cluster of ALS cases occurring in three 
men in Burlington, NC; however, no 
environmental factors to explain this 
cluster were determined. Kilnes and 
Hochberg” reported a four-case clus- 
ter of ALS among South Dakota farm- 
er-ranchers, and postulated that the 
high soil selenium content in the re- 
gion where the ranchers lived was as- 
sociated with ALS. Sanders" pre- 
sented a three-case cluster of ALS oc- 
curring in mail carriers in a town of 
1200 persons. Melmed and Krieger"? 
reported a three-case cluster of ALS in 
persons who lived in the same apart- 
ment building in Montreal, Canada. 
Hyser et al? described a cluster involv- 
ing three teachers in the same school 
with illness onsets during an extended 
period. No comprehensive assessment 
of causative factors was conducted for 
the latter three clusters. 

Nodifferences between case and con- 
trol populations were ascertained for 
any of the aforementioned clusters. 
However, case-control studies of ALS 
in apparent noncluster settings have 
stimulated discussion of factors that 
may contribute to the onset of ALS. 
Factors that have shown a statistical 
association with ALS include occupa- 
tions with a risk of electrical ex- 
posure,” a history of electrical shock 
resulting in loss of consciousness,” 
physical trauma,” exposure to heavy 
metals,“ and exposure to viruses.” 
Among these factors, our study find- 
ings supported the association be- 
tween a history of physical trauma and 
ALS; however, no specific injuries were 
more frequently cited by case patients 
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when compared with control subjects. 
There are currently no hypotheses to 
explain the mechanism by which phys- 
ieal trauma leads to the insidious de- 
generation of motor neurons charac- 
teristic of ALS, nor are there reports of 
animal model experimentation that 
would support this theory. Until such 
studies are undertaken, the role of 
physical trauma in the pathogenesis of 
ALS will remain uncertain. 

We also found that case patients 
tended to consume more fish than con- 
trol subjects, especially fish that was 
freshly caught from Lake Michigan. 
The data from the Wisconsin Depart- 
ment of Natural Resources indicated 
that multiple species of fish sampled 
from both the Twin Rivers and the 
nearby sectors of Lake Michigan had 
concentrations of PCBs in excess of the 
Food and Drug Administration limits. 
It is conceivable that PCBs or some 
other contaminant in these fish may 
have some role in the cause of ALS. 
Some of the highest reported incidence 
rates for ALS have been reported from 
Guam? and Japan,” areas where per 
capita fish consumption is relatively 
high. To our knowledge, while fish 
content in the diet has been studied in 
Guam,” fish consumption has not been 
adequately addressed as a possible risk 
factor for ALS in Guam or other pop- 
ulations until this study. Retrospective 
diet history studies may be biased by 
current dietary habits, but concur- 
rence has been demonstrated between 
prospective study results and retro- 
spective recall results. Our findings 
suggest that the role of diet, particu- 
larly fish consumption, should be in- 
corporated into the design of future 
case-control and other studies of ALS 
in larger populations. 

We observed that case patients were 
more likely than control subjects to 
have a family history of cancer. We are 
not aware of any similar findings in 
other investigations of ALS. The sig- 
nificance of this finding is unclear; 
however, it may suggest that a genetic 
or biochemical dysfunction exists that 
predisposes to malignancy as well as to 
abnormalities of the nervous system. 
Bradley and Krasin? hypothesize that 
the underlying abnormality in ALS 
arises from a deficiency of DNA repair 
enzymes. As structural alterations of 
DNA in genes or chromosomes are 
characteristic of tumor cells,” the pos- 
sibility that some cancers and ALS 
have related pathophysiologic mecha- 
nisms may merit future study. 

The results of this study may have 
been affected by recall bias, since case 
patients may have been more likely 
than control subjects to have given 
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thought to past events that could have 
contributed to their illness. The use of 
acquaintances as control subjects may 
have resulted in “overmatching,” since 
acquaintances tend to have similar in- 
terests; this overmatching could have 
precluded finding statistically signifi- 
cant differences between case patients 
and control subjects for some of the 
potential risk factors that were stud- 
ied. Also, the small number of study 
participants limited the finding of sta- 
tistical differences (a potential type IT 
error); however, this cluster consti- 
tutes one of the largest reported clus- 
ters of sporadic ALS studied by case- 
control methods. 

Knowledge of the cause and risk 
factors for the occurrence of ALS re- 
mains elusive. Investigations of clus- 
ters of ALS provide opportunities to 
study potential risk factors, especially 
dietary and environmental factors, 
that may play a role in the pathogen- 
esis and natural history of ALS. Con- 
tinued surveillance, detection, and 
subsequent investigation of ALS clus- 
ters is needed and is strongly encour- 
aged. 
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oratory of Hygiene, and Gerhard Lee, PhD, of the 
University of Wisconsin Department of Soil Sei- 
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The Mortality of Motor Neuron Disease in Sweden 


Lars-Gunnar Gunnarsson, MD; Gunnar Lindberg, MD; Birgitta Sóderfelt, MD; Olav Axelson, MD 


€ The age-standardized mortality from 
motor neuron disease in Sweden doubled 
from 1961 to 1985. The average annual 
rate during the period was 1.9 per 100 000 
population. The male to female ratio was 
1.2:1. The age-specific mortality rates had 
a peak at 70 to 79 years of age. When each 
birth cohort was followed up separately 
over time, the peak was less clear and in 
some cohorts the mortality rates in- 
creased continuously with advancing age. 
A significant increase of motor neuron 
disease among men was found in one 
Swedish county. 

(Arch Neurol. 1990;47:42-46) 


Meter neuron disease (MND) in- 

cludes amyotrophic lateral sclero- 
sis (ALS), progressive bulbar palsy 
(PBP), and progressive spinal muscu- 
lar atrophy. Most. cases of MND are 
ALS. Motor neuron disease is progres- 
sive and invariably fatal. The average 
duration after clinical onset is about 3 
years.': 

Descriptive epidemiologic studies 
have been undertaken to uncover pat- 
terns of disease distribution that 
might provide a suggestion as to the 
etiology of the disease. These studies 
also include attempts to trace all cases 
of MND in the population of a country 
over a period of years either through 
hospital records? or from death certifi- 
cates.** Both sources of information 
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have been used in limited population 
surveys.’ The most complete studies 
are those of Rochester, Minn,” and 
Guam," where the inhabitants have 
been extensively followed up over 60 
and 40 years, respectively. Except for 
some areas with a high incidence in the 
western Pacific," the reported annual 
standardized incidence rates range 
from 0.6 to 1.9 per 100 000 population.' 
The reliability of death certificate 
data may be illustrated from a Japa- 
nese study* where 4% (19/532 true 
MND cases) were classified as non- 
MND on the death certificates (false 
negative). Six percent (41/709 cases) 
classified as MND on the death certif- 
icates were actually non-MND cases 
(false positive). In three other studies, 
from the United States," England/ 
Wales,’ and Finland," the percentages 
of false-negative cases were 28%, 5%, 
and 4%, respectively. In a recent pop- 
ulation survey from Värmland County, 
Sweden,’ 89 cases of MND (including 
ALS, PBP, and progressive spinal 
muscle atrophy) were identified from 
medical records during the 11-year pe- 
riod 1970 through 1980. All death cer- 
tificates in Varmland coded MND (In- 
ternational Classification of Diseases 
348) were scrutinized and compared 
with medical files. The percentage of 
false-negative cases was 5% (3/55) and 
the percentage of false-positive cases 
was 4% (3/85). Thus, the underdiag- 
nosing and overdiagnosing of MND 
counterbalanced each other. The med- 
ical facilities in Vármland are compa- 
rable with the rest of Sweden. Thus, 
the mortality statistics in Sweden 
should be a reliable source for epide- 
miologic information about MND. 
Kondo and Tsubaki* compared the 
change in age-adjusted mortality rates 
with regard to MND in 18 developed 


countries between the periods 1953 to 
1958 and 1966 to 1971. Rapidly increas- 
ing mortality rates with regard to 
MND were found except in the case of 
the United States, Japan, and Ireland, 
where the mortality rates have been 
more stable.* 

In a study from northern Sweden," 
128 cases of MND were found during 
the period 1969 to 1980. The average 
annual incidence rate was adjusted for 
sex and age to the Swedish population 
and found to be 1.7 per 100 000 popula- 
tion. In the study from Värmland,’ it 
was 2.3. During the study period the 
incidence increased in Vármland but 
decreased in northern Sweden. No lo- 
cal clusters were observed in the pop- 
ulations studied. 

Changed structures in the health 
care system can give an impression of 
increased MND mortality in a popula- 
tion through better diagnosing of 
MND cases. In a study from Pennsyl- 
vania Zack et al^ found a temporary 
increase in the number of diagnosed 
MND eases, explained by the fact that 
a neurologist set up his practice there 
in 1972 and identified several old and 
new cases of MND. 

In most studies, MND is shown to be 
evenly distributed nationally, but ex- 
ceptions exist. For example, a high in- 
cidence rate of MND was found in ru- 
ral areas in the continental United 
States,‘ in Finland, and in Scotland." 
In a study from Italy there was a pos- 
itive association with urbanization.'? 
However, no regional clustering was 
found in other studies from Italy” and 
the United States? or in one from 
Canada.’ 

In the 1950s, Case” highlighted the 
need for following up separate birth 
cohorts when a disease with a fairly 
rapid increase in mortality rate was 
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studied. For example, in the study of 
the mortality rates for lung cancer, the 
age-specific peak at 70 years was re- 
placed by a continuously increasing 
mortality rate when consecutive birth 
cohorts were studied. 

One population study from England 
and Wales is based on birth cohorts.? 
To our knowledge, no other population 
surveys of MND based on birth cohort 
have been performed, and published 
studies present a heterogeneous pic- 
ture of the geographic variation. The 
aim of this study was to determine if a 
significant variation of MND mortal- 
ity existed in different parts of Sweden 
and to determine if the pattern of the 
age-specific mortality rates became 
different when each birth cohort of the 
population was studied separately. 


MATERIAL AND METHODS 


During the period of investigation, 1961 
through 1985, the Swedish population in- 
creased from 7.5 to 8.4 million. Fifteen per- 
cent of the population were older than 65 
years. 

Tables covering the number of deaths in 
Sweden during the period 1961 through 
1985 that had ALS or PBP as underlying or 
contributing cause of death were obtained 
from the Swedish national office of statis- 
ties (Statisties Sweden). To follow the 
changes in the age-specific mortality rate 
separately for each birth cohort, born 1882 
through 1890, ..., 1912 through 1920, the 
average annual age-specific mortality rate 
was calculated for each age class. Because 
the statistical information was limited to 
5-year classes, totally exclusive birth co- 
horts could not be derived (Table 1). 

In another study, not yet published, we 
had identified all persons in Sweden who 
were born between 1896 and 1940 and who 
died during the period 1970 through 1983 
with ALS or PBP as the underlying or con- 
tributing cause of death. They represented 
89% of all cases of death in connection with 
ALS/PBP during the period 1970 through 
1983. These identified cases were used when 
the standardized rate ratio (SRR)? of ALS 
was calculated separately for each one of 
the 24 counties in Sweden. The Swedish 
population in 1970 was used as standard. 
The x? test was applied for testing the het- 
erogeneity between the Swedish counties. 
The expected number of cases in each 
county was estimated through division of 
the observed number of cases with the SRR 
for each county, respectively. To be able to 
study if any regional variation of MND was 
associated with access to physicians, infor- 
mation about the number and distribution 
of physicians in Sweden was obtained from 
the Swedish Medical Association for the 
year 1977. 


RESULTS 


During the period 1961 through 
1985, 3871 people died of ALS or PBP in 
Sweden. The average annual mortality 
rate per 100000 population was 1.4 
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Table 1.—Average Annual Age-Specific Mortality Rates 1961 Through 1985 per 
100 000 Population With Regard to ALS and PBP as Underlying or Contributing Cause 
of Death in Sweden, Both Sexes Together * 


Year of Death 


Year of M R S° L- L S 
Birth 1961-1965 1966-1970 1971-1975 1976-1980 1981-1985 Death, y 

1882-1890 3.6 48. 6.3 
1887-1895 5.4 6.6 9.2 8.3 
1892-1900 6.0 8.5 9.3 9.3 8.5 
1897-1905 4.5 6.0 9.7 11.5 10.55... 85 plus 
1902-1910 3.1 4.8 8.0 10.9. 12.3 80-84 
1907-1915 ul 3.7 6.0" 7.4 10.3 _ 75-79 
1912-1920 12 1.6 tomes. 6.0. 8.3 70-74 . 
Age at death, y 50-54 55-59 60-64 65-79 



























* ALS indicates amyotrophic lateral sclerosis; PBP, progressive bulbar palsy. 
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Fig 1.—Annual mortality rate in Sweden 1961 through 1985 with regard to amyotrophic lateral 
sclerosis / progressive bulbar palsy (ALS / PBP), and 1965 through 1985 with regard to motor neu- 
ron disease (MND). Both underlying and contributing causes of death are included. MS indicates 


multiple sclerosis. 


over the period 1961 through 1969, 2.0 
for the period 1970 through 1977, and 
2.8 for the period 1978 through 1985 
(Fig 1). Directly age adjusted to the 
World Health Organization standard 
European population,” the rates were 
1.3, 1.7, and 1.8, respectively. Age stan- 
dardized to the US population of 1976, 
the rate for 1978 through 1985 was 1.7. 
The male to female ratio was 1.2:1 for 
the whole period 1961 through 1985. 
Among the 2198 cases of ALS/PBP 
identified from 1970 through 1983, PBP 
was responsible for 9%. There was no 
sex difference among the PBP cases. 
During the period 1961 through 
1985, the proportion of ALS/PBP cases 
listed as a contributing cause of death 
increased after 65 years of age from a 
proportion of 1076 to about 3076 among 
those older than 80 years (Table 2). For 
all ages ALS/PBP as a contributing 
cause of death constituted 18% of the 
male cases and 13% of the female 


cases. These proportions as a contrib- 
uting cause of death were fairly un- 
changed over the years from 1961 to: 
1985. 

The age-specific mortality rates 
with regard to ALS/PBP were found to. 
have a peak at 70 to 79 years of age (Fig 
2). In Table 1 and Fig 3 the rates are 
followed up separately for some birth 
cohorts. The age-specific mortality 
rates increased with advancing age 
and the mortality rates increased over 
time. However, among those older 
than 84 years, there was a slight de- 
cline in the mortality rates in some of 
the oldest birth cohorts. 

The SRRs of ALS among men 
showed a significant heterogeneity 
among the Swedish counties (Table 3). 
Notably, the county of Skaraborg was 
clearly deviating. This county is an 
agricultural area. In the other counties 
with a relatively large part of the pop- 
ulation employed in agriculture, the 
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the rates were not substantially ele- 
vated. However, the relation between 
underlying and contributing causes of 
death was the same in the county of 
Skaraborg as in the whole country. 

Various factors that could cause in- 
creased rates of ALS in a county were 
studied. There were departments of 
neurology in six of the Swedish coun- 
ties, but there was no indication that 
this access to a neurologist was of any 
importance with regard to the occur- 
rence and frequency of the disease. For 
each Swedish county the SRR of ALS 
for the period 1970 through 1983 was 
related to the area of the county and to 
the density of population centers and 
physicians, respectively. No connec- 
tions were found, ie, the correlation 
coefficients ranged within +.1. 

COMMENT 

Several population studies of MND 
have been performed in different coun- 
tries. Almost all of these studies report 
increasing incidence rates with an age- 
specific peak between 60 and 70 
years.79'418.192533 ^ When mortality 
curves have been presented for MND 
they show a similar pattern with a 
peak rate just below 70 years of age. 
When the effect of increasing mortal- 
ity rates in different birth cohorts is 
not considered, our study also shows a 
peak of the mortality rate, although at 
an age one decade greater than usually 
found. When we followed each birth 
cohort separately, however, the peak 
was less clear and almost leveled out 
(Fig 3). This finding agrees with popu- 
lation studies of Rochester, Minn," 
where the age-specific rates increased 
with advancing age, without any de- 
cline for the highest ages. In England 
and Wales” four birth cohorts were 
followed up to older than 74 years. The 
rates declined slightly at the highest 
ages in the female birth cohorts and in 
two of the male cohorts, but in the 
other two male cohorts the age-spe- 
cific rates increased continuously. 

In our study, MND in the oldest 
population group was more frequently 
listed under contributing cause of 
death, probably because of the increas- 
ing frequency of intervening diseases. 
Furthermore, the oldest population 
group may also escape getting an MND 
diagnosis more frequently. Such cir- 
cumstances can perhaps explain a 
slight decrease in the mortality rate 
among the oldest in some birth co- 
horts. 

If the same age class is followed di- 
agonally in Table 1, a gradually in- 
creasing mortality rate for the respec- 
tive age class is apparent over the pe- 
riod 1961 through 1985. When the 
morbidity in a population increases 
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Fig 2.—Average annual age-specific mortality rates for amyotrophic lateral sclerosis / progressive 
bulbar palsy (ALS /PBP) in Sweden during three periods of time. 
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Fig 3.—Amyotrophic lateral sclerosis / progressive bulbar palsy as cause of death in Sweden 196 1 
through 1985. Average annual age-specific mortality rates for three birth cohorts. 


over a long period, a peak in the age- 
specific mortality rate can be pro- 
duced, as shown in Fig 2. If the age- 
specific mortality or incidence rates 
are measured over a certain period, the 
oldest population groups contribute 
with a comparatively lower rate, re- 
flecting an earlier low morbidity in the 
population. 

The mortality rate for ALS/PBP in 
Sweden doubled from 1961 to 1985. The 
rates were in accordance with those in 
other population studies in countries 
with well-developed diagnostic facili- 
ties.! 

Part of the increased mortality rate 
for MND is explained by the fact that 
more people reach the higher ages, 
where MND is most common. How- 
ever, there was also a marked increase 
in the age-specific mortality rates for 


allage classes and birth cohorts during 
the period of investigation (Table 1). 
This could indicate a growing influ- 
ence of predisposing factors, which 
perhaps could be environmental in 
character. The increase was strongest 
among the oldest. The expansion of the 
health care system during the last few 
decades would probably favor the old- 
est population group, so that fewer 
cases of MND escape diagnosis. This 
could be another explanation of the 
increasing rates. 

In the county of Skaraborg, situated 
in southwest Sweden with a population 
of 264 000 in 1970, the SRR for ALS was 
substantially elevated for men. 
Skaraborg is one of Sweden's chief ag- 
ricultural areas and has a higher pro- 
portion of economically active men 
than the country as a whole.* Further 
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Table 2.— Average Annual Age-Specific Mortality Rates 1961 Through 1985 per 100 000 Population With Regard to 
Amyotrophic Lateral Sclerosis and Progressive Bulbar Palsy 


Age at Death, y 


Year 
of Death 45-49 55-59 60-64 65-69 75-79 


1961-1965 
‘Ae 








0.08 0.25 0.62 0.70 0.33 
Bt 1.08 2.87 3.88 5.25 3.26 
16 











1966-1970 









































* A indicates contributing cause of death. 
+B indicates underlying cause of death. 
Ratios between causes of death (A/B) are given in percent. 


Table 3.— Geographic Distribution of Mortality in Sweden 1970 Through 1983 With 
Regard to ALS/PBP, by Gender, Number, and SRR* 









































* ALS/PBP indicates amyotrophic lateral sclerosis / progressive bulbar palsy; SRR, standardized rate ratio. 
The contribution to the heterogeneity x? test is shown for each county (23 df, 5% level of significance, 
P= 35.17). 
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investigation of the epidemiology of 
MND in this county is planned. 


CONCLUSION 


This study shows an increasing mor- 
tality rate for MND in Sweden during 
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Incorrect Words.—In the article entitled “Growth Factors for Neuronal Sur- 
vival and Process Regeneration” that appeared in the November issue of the 
ARCHIVES (1989;46:1241-1248), a typesetting error appeared on page 1245, column 


1, lines 14 through 18. The sentence read as follows: 
induced by gp120 has been shown to be mediated apparently by an increase in 
intracellular dependent calcium current.?" The sentence should have read as 
follows: “Recently, neuronal death induced by gp120 has been shown to be me- 
diated apparently by an increase in intracellular calcium.” 
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€ The Mini-Mental State Examination 
(MMSE), a brief test of cognitive function, 
has been widely used to screen for de- 
mentia. We administered the MMSE to 74 
community-dwelling patients meeting cri- 
teria for probable Alzheimer's disease 
(AD) and 74 age- and education-matched 
controls. Twenty-four patients with AD 
performed in the nondemented range by 
scoring above the recommended cutoff 
point of 23 of a possible 30 on the MMSE. 
We compared the scores for items of the 
MMSE in controls and subjects with AD and 
used logistic regression to model a shorter 
MMSE that retained the accuracy of the 
complete test. A score summing tests of 
recall and orientation for place had similar 
sensitivity to the full MMSE. Adding a ver- 
bal fluency test to the MMSE reduced the 
error rate by improving the accuracy of di- 
agnosis of patients with AD scoring in the 
nondemented range. 

(Arch Neurol. 1990;47:49-52) 


he Mini-Mental State Examination 

(MMSE)! is a brief cognitive test 
used to screen and monitor the pro- 
gression of dementing illnesses such as 
Alzheimer's disease (AD). For the 
MMSE, scores below 24 of a possible 30 
have been shown to detect dementia 
fairly accurately, and nondemented 
elderly subjects usually score 24 or 
above.'? Many subjects in these stud- 
ies, however, had moderate or severe 
dementia. In the detection of early de- 
mentia, the performance of the MMSE 
using the cutoff point of 24 as the lower 
limit of normal is less satisfactory.?? In 
addition, certain items in the MMSE 
are influenced by education, and poorly 
educated subjects may score below 24 
without having dementia.?* 

Cognitive tests such as the MMSE 
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and the Blessed Information-Memory- 
Concentration test (BIMC): were em- 
pirically designed using items pre- 
sumed to test the function of different 
areas of the brain. The BIMC has been 
validated against the neuropathologic 
diagnosis of AD, and scores on this test 
correlated with the severity of neuro- 
pathologic changes in AD. Several 
studies have shown a strong correla- 
tion between scores on the MMSE and 
the BIMC test in AD.*' On the basis of 
multivariate logistic-regression anal- 
ysis, the BIMC test has been shortened 
to a six-item version, the Blessed Ori- 
entation-Memory-Concentration test 
(BOMO), which retained the sensitiv- 
ity of the longer test.’ By means of a 
similar analysis, Magaziner et al 
found that seven items of the MMSE 
could predict total scores. However, 
they studied a group of nondemented 
elderly women and did not assess the 
ability of the seven-item version to 
diseriminate between normal cogni- 
tion and dementia. 

We administered the MMSE to eld- 
erly patients who met research crite- 
ria for AD and to age- and education- 
matched healthy controls to determine 
which items of the test made the ma- 
jor contribution to the detection of AD 
at an early stage and whether the 
MMSE could be shortened while pre- 
serving its accuracy. 


SUBJECTS AND METHODS 


Patients enrolled at the Alzheimer Dis- 
ease Research Center at the University of 
California, San Diego, were studied. His- 
tory, physical and neurologic examinations, 
detailed neuropsychological testing, and 
laboratory and neuroradiologic studies 
were performed on all subjects, and the di- 
agnosis of healthy control or dementia was 
independently made on the basis of this in- 
formation by two neurologists. In demented 
individuals, the diagnosis of probable AD 
was made according to the National Insti- 
tute of Neurological and Communicative 
Disorders and Stroke, Bethesda; Md, Alz- 
heimer's Disease and Related Disorders 
Association guidelines.^ Subjects with 
other causes of dementia, such as multi- 
infarct dementia, Parkinson's disease, or 
Huntington's disease, were excluded. All 
subjects received the MMSE and BIMC' as 
screening tests. 


Seventy-four community-dwelling sub- 
jects with probable AD and 74 controls were 
included in this analysis. The subjects were 
first matched with controls for education 
(within 2 years) and then matched as 
closely as possible for age. The patients 
with AD were subdivided into those with 
MMSE scores of 23 or below (n = 50), re- 
ferred to as “moderate AD,” and 24 or 
above (n = 24), referred to as “mild AD.” 
For controls and both groups of patients 
with AD, mean scores and SDs were calcu- 
lated for each item in the MMSE. 

The MMSE was administered following 
the procedure of Folstein et al,' in which the 
serial ?'s and “world” backward tasks that 
assess attention are assumed to be inter- 
changeable (Table 1). Subjects who make 
errors while serially subtracting 7 from 100 
are offered the alternative of spelling 
“world” backward. We administered both 
tests to every subject and used the higher 
score. We noted the number of subjects in 
each group who scored more for spelling 
“world” backward than for the serial ?'s 
task. 

Because the language tests of the MMSE 
did not discriminate well between controls 
and patients with AD (see the “Results” 
section), we used a test of verbal fluency, in 
which subjects were asked to generate as 
many words as possible in 1 minute begin- 
ning with the letters f, a, and s." The num- 
ber of correct words produced in the three 
1-minute trials was added to give an f;a,s 
Score. 

To compare patterns of errors on the 
MMSE in both groups of patients with AD 
and the controls, we used a matched-pair 
method for each item of the MMSE. Each of 
the 24 patients with AD who scored above 
23 points was paired with each of the 74 
controls, yielding (24 X 74) 1776 paired 
comparisons. Each pair was then classified 
by the performance of the patient with AD 
(better, equal, or worse) compared with the 
control. A similar procedure was used for 
the patients with AD who scored 23 or be- 
low. For MMSE items with dichotomous 
scores, patients with AD and controls were 
compared using either Yates' corrected x? 
analysis or Fisher's Exact Test where ap- 
propriate. For items with several compo- 
nents and a range of scores, statistical sig- 
nifieance was tested using the Mann- 
Whitney approach adjusted for ties. 

Logistic-regression analysis with back- 
ward elimination" was used to develop a 
model of a shortened MMSE, which re- 
tained diagnostic accuracy for AD in our 
population of patients. We first determined 
which items were independently statisti- 
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cally significantly associated with the diag- 
nosis of AD or control at a 5% level. Models 
were investigated using summed scores of 
the single best predictor, then two best 
predictors, and so on. The degree to which 
each model distinguished patients with AD 
from controls was evaluated by calculating 
sensitivity and specificity. 


RESULTS 


Demographic data and scores for the 
cognitive screening tests are presented 
in Table 2. The MMSE scores ranged 
from 26 to 30 for controls and 10 to 28 
for patients with AD. Subjects in all 
three groups did not differ signifi- 
cantly with respect to age or education. 
Hachinski ischemic index scores were 
low in both groups with AD, indicating 
that vascular dementia was unlikely in 
these patients. The patients with AD 
with MMSE totals over 23 had a mean 
score for the BIMC of 8.3 errors in 33 
items, which was consistent with their 
mild cognitive deficits. 

When the attention task was scored 
in the conventional manner, mean 
scores were 4.8 for controls, 4.8 for pa- 
tients with mild AD, and 3.3 for pa- 
tients with moderate AD. We found 
that 2075 of the controls scored more 
for spelling “world” backward than for 
the serial ?'s task compared with 71% 
of the subjects with mild AD and 72% 
of the subjects with moderate AD. No 
subject scored more for the serial ?'s 
task than for the spelling task. Since 
the higher of the two scores was used 
in the MMSE, the attention item in ef- 
fect measured the “world” backward 
task alone. We attempted to restore 
value to the serial ?'s task by defining 
an item called “failed serial 7s,” which 
indicated that a subject had performed 
worse on the serial 7’s task than on the 
"world" backward task. This item al- 
lowed the contribution made by both 
attention tasks to be evaluated. 

The patients with AD who scored 
over 23 (mild AD) had a different pat- 
tern of errors on the MMSE than did 
the moderately demented subjects 
(Fig 1). For the group with mild AD, 
points were lost most frequently for 
recall and orientation for time and 
place. The moderately demented sub- 
jects were impaired on attention and 
construction as well as on orientation 
and recall. Figure 2, based on the 
method of paired comparisons de- 
scribed above, shows the percentages 
of pairs in which patients with AD 
scored better than, equal to, and worse 
than controls for each item of the 
MMSE. In the mild AD group, orien- 
tation for time and place, recall, and 
failed serial ?'s tasks were statistically 
significant at P «.001, while in the 
moderately demented patients, a sta- 
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Item 


Table 1.—Mini-Mental State Examination 





Component(s) Score 














Orientation for time 





Year, season, month, date, and day 











Orientation for place 


State, county, city, building, and floor 














Registration 


Subject repeats “rose,” “ball,” and "key" 


















































































Attention or calculation Serial subtraction of 7 from 100 or spell 0-5 
"world" backward 

Recall “Rose,” "ball," and "key" 0-3 

Naming Pencil and watch 0-2 

Repetition No ifs, ands, or buts 0-1 

Three-stage verbal command Take a piece of paper in your right hand, 0-3 
fold it in half, and put it on the floor 

Written command Close your eyes 0-1 

Writing A spontaneous sentence 0-1 

Construction Two interlocking pentagons 0-1 











Total 





Score 
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Fig 1.—Mean scores for individual items of the Mini-Mental State Examination. Solid bar indicates 
controls; shaded bar, mild Alzheimer's disease; open bar, moderate Alzheimer's disease; OT, ori- 
entation for time; OP, orientation for place; REG, registration; ATT, attention; REC, recall; NAM, 
naming; REP, repetition; VER, three-step verbal command; WRT, written command; SEN, spon- 
taneous sentence; and CON, construction. Error bars represent SDs. 


tistically significant percentage of sub- 
jects scored worse than controls did on 
almost every item. 
Logistic-regression analysis pro- 
duced models predicting the diagnosis 
of AD. High sensitivity and specificity 
were obtained for the sum of the scores 
for two items—memory and orienta- 
tion to place (Table 3). These items 
were independent, statistically signif- 
icant predictors (P < .001). Other pre- 
dictors, in order of significance, were 
copying pentagons, failed serial 7s 
task, and orientation to time, whereas 
the remaining items were much 
weaker individual predictors. Al- 
though the attention item was not a 
strong predictor, the failed serial 7s 


item was, supporting our view that 
these tests form a hierarchy. When 
additional items were added to the 
summed scores for memory and orien- 
tation to place in the logistic-regres- 
sion model, there was no substantial 
reduction in the error rate, so that 
further analyses and comparisons are 
limited to the two-item score. The ad- 
vantage of the complete MMSE over 
this score was a small increase in 
specificity. 

Coefficients and constants for the 
two-item score and the complete 
MMSE are listed in Fig 3, with logistic 
equations showing how they may be 
used to calculate the probability that a 
patient’s score indicates normal cog- 
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Mild AD (MMSE >23) 
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Moderate AD (MMSE «23) 


Better 
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Fig 2.—Percentage of patients with Alzheimer's disease (AD) scoring better, the same, or worse 
than controls on Mini-Mental State Examination (MMSE) items. Each bar width ranges from 0% 
to 10096. Note that patients with mild AD performed significantly worse than controls did on only 
three items of the MMSE as well as on the failed serial 7's item. Patients with moderate AD scored 
significantly worse than controls did on almost all items. See Fig 1 legend for abbreviation expan- 


sions. FSS indicates failed serial 7's. 


Data Controls 


Mild AD Moderate AD 





No. of subjects 74 


24 50 





Age, y 69.7 + 7.2 


72.0 + 7.1 


70.9 + 70.0 





Sex, M:F Sp lag 


1:1.4 





Education, y 14.5 + 3.0 


13.8 + 3.2 





Hachinski score 1.9 1.9 


1.6 1:2 





Duration of AD, y 


3.6 * 3.3 





MMSE 29.0 t 1.1 


25.4 1.4 








BIMC (No. of errors) 1.3: 4.3 





+ [HH J i+ 


8.3 + 2.9 


* AD indicates Alzheimer's disease; MMSE, Mini-Mental State Examination; and BIMC, Blessed Information- 


Memory-Concentration test. Values are mean + SD. 


nition. Figure 3, using a logistic scale, 
shows how the estimated probability 
of being cognitively normal varies 
with scores for the two-item test and 
the total MMSE. 

In our study sample, controls per- 
formed better than patients with AD 
on word fluency for f, a, and s (mean 
scores and SDs were 41.6 + 13.4 for 
controls, 30.0 + 10.1 for mild AD, and 
18.7 + 8.6 for moderate AD). When 
f,a,s scores and the two-item test were 
combined in a model, sensitivity and 
specificity were not improved. How- 
ever, using f,a,s scores in conjunction 
with the full MMSE increased sensi- 
tivity in the mild AD group (Table 2). 


COMMENT 


On the basis of logistic-regression 
analysis, we found that the MMSE 
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could be shortened to two items that 
assessed memory and orientation for 
place. This shortened test retained 
similar sensitivity but had slightly de- 
creased specificity compared with the 
full MMSE. There was a strong overlap 
with the cognitive tests in the BOMC; 
the shortened version of the BIMC, 
which retained items testing memory 
and orientation. On the basis of these 
analyses, when brief cognitive tests 
are applied to screening for AD, the 
most valuable items are the tests of 
short-term recall and orientation. 
The use of serial 7s or “world” 
backward tasks complicates the scor- 
ing of the attention-concentration 
item of the MMSE. It is difficult to 
score the “world” backward task in 
terms of zero to five errors, and it is 
unclear that the same mental ability is 
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Fig 3.— Percentage probability of normal cog- 
nition vs score. S indicates recall plus orienta- 
tion for place; and Mini-Mental State Examina- 
tion (MMSE), total score of 30 possible points. 
Constants and coefficients derived from the lo- 
gistic-regression equations are as follows: 
S, —10.80 (constant [A]) and 1.90 (slope co- 
efficient [B]); and MMSE, —48.50 (constant 
[A]) and 1.82 (slope coefficient [B]). The esti- 
mated probability (Q) that a patient's score is 
normal is given by the equation Q = e"'/ 
(1 +e). Y is calculated from the formula 
Y = A+ B X score. For example, for a score 
of S = 5, Y = —10.80 + (1.90) (5) = — 1.24, 
and Q — 21.796. 


being tested by both tasks. Subjects 
who completely fail the serial ?'s task 
in the MMSE can still score up to five 
points for the attention task by spell- 
ing “world” backward. We attempted 
to correct this ambiguity by assuming 
that the tests formed a hierarchy, in 
which the serial ?'s task was more dif- 
fieult. The advantage of the failed se- 
rial ?'s item over the MMSE attention- 
concentration item was most apparent 
in the mild AD group. Consequently, 
the attention item of the MMSE may 
be improved by scoring these two tasks 
independently. In the BIMC, attention 
is assessed by asking the subject to re- 
cite the months backward and to count 
backward from 20 to 1, both of which 
are scored separately. The serial 7’s 
test is influenced by education as well 
as dementia,’ and replacing it with the 
months backward task might further 
enhance the value of the MMSE as a 
screening test for mild dementia. 
Despite the high prevalence of apha- 
sia in AD,” we found that the MMSE 
items assessing language (confronta- 
tion naming, repetition, three-step 
verbal command, written command, 
and writing a spontaneous sentence) 
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Table 3.— Sensitivity and Specificity of Logistic-Regression Models of MMSE Items* 


Sensitivity 
nn, 
MMSE <23 MMSE >23 Specificity Error Rate 


79.2 89.2 10.8 
Recall plus OP 83.3 94.6 
79.2 98.6 
MMSE plus f,a,s 100.0 87.5 98.6 2.9 
* MMSE indicates Mini-Mental State Examination; and OP, orientation to place. Results given in percentages. 


Items in Model 














were weak individual contributors to 
the diagnosis of AD at an early stage. 
This discrepancy may have arisen be- 
cause the language items in the MMSE 
are fairly easy tasks that can be per- 
formed correctly by subjects with mild 
aphasia. In addition, aphasia is not al- 
ways an early feature of AD. In a 
recent study, aphasia was present in 
36% of the patients with early AD, 
82% of the patients with moderate AD, 
and 100% of the patients with ad- 
vanced AD." The investigators used a 
comprehensive aphasia battery com- 
prising seven subtests and found that 
reading comprehension and written 
expression were the components on 
which subjects with AD most fre- 
quently made errors. Many aphasia 
examinations employ verbal fluency 
tests, and fluency for words beginning 
with a particular letter has been 
shown to be impaired in mild 
dementia.'*"* In our study, the f,a,s test 
reduced the error rate and enhanced 
the sensitivity of the full MMSE in the 
mild AD group. Category fluency is 
easy and rapidly assessed and would be 
a valuable addition to the MMSE in 
studies of mild AD. 

The MMSE and cognitive screening 
tests in general have been criticized on 
the grounds that they are too insensi- 
tive to detect either mild diffuse cere- 
bral disorders, such as dementia, or 
focal brain lesions." Screening tests 
that disclose abnormalities only when 
a disease is clinically obvious are of 
limited applicability. The  recom- 
mended threshold for the MMSE of 
less than 24 points for diagnosing cog- 
nitive impairment had a sensitivity of 
87% and specificity of 82% in a hospi- 
tal population that included subjects 
with low educational status.? Our 
study tested well-educated subjects 
who were free of conditions such as 
medical illness, alcoholism, or depres- 
sion. Within this restricted sample, 
the MMSE accurately separated pa- 
tients with moderately severe AD 
from controls but performed less well 
in subjects with mild AD, since 24 of 74 
subjects meetings research criteria for 
AD scored over 23. A study of 380 eld- 
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erly outpatients with memory com- 
plaints found that 15% of the subjects 
diagnosed as having dementia scored 
above 23 on the MMSE and 7% scored 
over 21? In a community-based study 
of the MMSE, 95% of the healthy, 
well-educated subjects aged 50 to 79 
years scored above 25 points, and 95% 
of subjects aged 80 to 89 years scored 
over 22.'* The suggestion has therefore 
been made that the cutoff point on the 
MMSE should be raised. From Fig 3, 
the logistic plots of percentage normal 
against score, a score of 24 on the 
MMSE corresponded to a very low 
likelihood of normal. Applying a cutoff 
of 27 or above for normal to our study 
would have correctly classified 19 of 
the 24 patients with mild AD, while 
one of the controls would have been 
erroneously considered to be de- 
mented. However, a higher cutoff point 
would reduce the range of normal per- 
formance to very few errors and would 
probably overdiagnose cognitive im- 
pairment in individuals with less edu- 
cation than our controls. 

Two approaches may be employed to 
increase the accuracy of the MMSE as 
ascreening test for mild dementia. The 
easier method, raising the cutoff point, 
sacrifices specificity. The alternative is 
to improve the structure and content 
of specific items in the MMSE, without 
adding appreciably to the time needed 
to administer the test. From our data, 
memory and orientation for time are 
impaired in many subjects with mild 
or early AD, and increasing the diffi- 
culty of these items in the MMSE may 
enhance the detection of mild deficits 
(Table 1). The "registration" item, in 
which the subject is scored for repeat- 
ing three words, is very easy and could 
be discarded. Language tests used in 
the MMSE could be augmented or re- 
placed by a brief task such as word 
fluency, and the attention-concentra- 
tion item could be rescored. Additional 
studies examining the performance of 
a shortened or modified version of the 
MMSE, using a wider variety of sub- 
jects, including persons with other de- 
menting conditions and depression, 
will help identify a rapid cognitive 


screening test that reliably detects de- 
mentia at an early stage. 
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Migraine With Vasospasm and 
Delayed Intracerebral Hemorrhage 


Andrew J. Cole, MD, Michel Aubé, MD 


€ Three women with well-documented 
migraine associated with intracerebral 
hemorrhage are described. In each case, 
migraine headaches began during adult- 
hood. Unusually severe and protracted 
headache heralded the onset of fixed neu- 
rological deficits associated with lobar in- 
tracerebral hemorrhage. Striking carotid 
artery tenderness was characteristic. Ex- 
cept for a history of migraine, no cause for 
intracerebral hemorrhage could be estab- 
lished. In each case arteriography showed 
extensive spasm of the appropriate ex- 
tracranial or intracranial artery. Surgical 
pathology following evacuation of two 
hematomata demonstrated signs of ves- 
sel wall necrosis associated with subacute 
inflammatory changes. Vasospasm asso- 
ciated with severe migraine attacks may 
result in ischemia of intracranial vessel 
walls, leading to necrosis and subsequent 
vessel rupture when perfusion pressure is 
restored. 

(Arch Neurol. 1990;47:53-56) 


(Charcot, in 1881, suggested that any 

of the transient neural dysfunc- 
tions of migraine could become 
permanent.' Since then, migraine has 
been associated with residual neuro- 
logical deficits in a large number of 
cases, and the concept of compli- 
cated migraine has become widely 
accepted.* Retinal, cortical, and 
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brain-stem lesions have each been de- 
scribed. In the majority, neurological 
dysfunction is attributed to ischemic 
stroke, presumably secondary to vas- 
cular spasm. Intracerebral hemor- 
rhage in migrainous patients has only 
rarely been reported,’ and has some- 
times been associated with preexisting 
arteriovenous malformations.? This 
article describes a group of patients, 
all of whom are female, affected with 
migraine who presented with lobar in- 
tracerebral hemorrhage either during 
or immediately following typical mi- 
graine attacks. All patients were in- 
vestigated in detail; no evidence of un- 
derlying vascular malformation or tu- 
mor was discovered. Radiologic studies 
suggested that early and severe vaso- 
spasm of either the intracranial or ex- 
tracranial vessels was important in 
the development of hemorrhage. 


REPORT OF CASES 


Case 1.—A 61-year-old woman had a 
4-year history of migraine headaches pre- 
ceded by an aura of left-sided paresthesias. 
She presented to the emergency depart- 
ment complaining of severe bitemporal 
headache, similar to previous attacks. A 
neurological consultant found the patient 
to be normotensive, and the examination 
results to be entirely normal. A lumbar 
puncture was performed and the results re- 
vealed normal cerebrospinal fluid. She was 
discharged on analgesics and propranolol. 

Two days later she returned complaining 
of severe headache, and, on this occasion, 
had a mild left hemiparesis with a left 
Babinski’s sign. Blood pressure was again 
normal. Computed tomographic scans of 
the brain, with and without contrast infu- 
sion, were normal (Fig 1, left), and she was 
discharged on prednisone therapy in an ef- 
fort to abort a severe migraine attack. 

Twenty-four hours later her headache 
worsened. The following morning she was 


difficult to arouse, and was again brought to 
the emergency department. She was hyper- 
tesive, bradycardic, and stuporous, but, af- 
ter stimulation, was able to follow simple 
commands. She had a dense left hemiplegia 
associated with a left-sided homonymous 
hemianopia and right gaze preference. 
Brain computed tomographic scanning 
demonstrated a right frontoparietal intra- 
cerebral hemorrhage (Fig 1, center). A ca- 
rotid arteriogram showed narrowing of the 
M1 segment of the right middle cerebral 
artery (Fig 1, right). There was mass effect 
related to the hematoma, but no evidence of 
arteriovenous malformation, aneurysm, or 
tumor. A right frontoparietal craniotomy 
was performed with evacuation of the hem- 
atoma. Pathologic examination of the sur- 
gical material showed areas of cerebral 
necrosis surrounding partially necrotic 
ruptured small arteries without evidence of 
vascular malformation, tumor, or amyloid 
angiopathy. She made a slow recovery and 
was discharged with a persistent neurolog- 
ical deficit. 

Case 2.—A 45-year-old woman suffered 
from common migraine headaches associ- 
ated with photophobia and nausea for sev- 
eral years. She took no medications and 
used no illicit drugs. One day prior to 
admission she had an attack similar to her 
usual headaches, but somewhat more se- 
vere. Twenty-four hours later, she suddenly 
developed a left hemiparesis, associated 
with left hemihypesthesia. On admission, 
her blood pressure and heart rate were 
normal. She was alert and cooperative. 
There was striking tenderness over the 
right carotid artery, but the pulse was nor- 
mal and there were no bruits. She had a 
dense left hemiplegia. 

Brain computed tomographic scanning 
showed a homogeneous, well-defined, round 
hyperdensity in the right frontoparietal 
region consistent with an intracerebral he- 
matoma (Fig 2, left). A right-sided internal 
carotid arteriogram demonstrated an avas- 
cular mass in the right frontal lobe. There 
was beadlike narrowing of the extracranial 
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Fig 1.—Case 1. Left, Normal brain computed tomographic scan with intravenous contrast infusion 2 days prior to intrace- 
rebral hemorrhage. Center, Brain computed tomographic scan without contrast at time of admission showing large right-sided 
frontoparietal hematoma. Right, Right-sided internal carotid arteriogram showing focal spasm of initial segment of right middle 


cerebral artery. 


portion of the right internal carotid artery 
(Fig 2, right), which was unchanged on two 
separate injections. 

Two days later, because of the suspicion 
of underlying tumor, a right-sided frontal 
craniotomy with evacuation of the hem- 
atoma was performed. There was no patho- 
logic evidence of tumor or of underlying 
vascular abnormality. A subacute inflam- 
matory infiltrate composed mainly of mac- 
rophages was seen in the neuropil (Fig 3). 
There was some thickening of vessel walls 
with increased cellularity and a mild lym- 
phocytic perivascular infiltrate. 

Case 3.— A 46-year-old woman with a 20- 
year history of common migraine developed 
a right frontal throbbing headache associ- 
ated with nausea and photophobia, which 
was similar to her usual attacks, but in- 
creased progressively over several days. 
She was treated with analgesics that pro- 
vided partial relief. Four days later, after 
continued headache, she noted left face and 
arm weakness and numbness, and came to 
the emergency department. Blood pressure 
and heart rate were normal. Carotid pulses 
were full, but there was tenderness over the 
right carotid artery. She had right-gaze 
preference associated with a left hemipare- 
sis involving the face and arm more than 
the leg and a left Babinski's sign. Computed 
tomographic scan showed a right-sided 
frontoparietal hematoma (Fig 4, left). A 
selective digital right-sided carotid arterio- 
gram demonstrated severe narrowing of 
the extracranial portion of the internal ca- 
rotid artery (Fig 4, center). There was no 
evidence of arteriovenous malformation. 
Over the next 24 hours, severe right-sided 
headache persisted and was associated with 
tenderness over the scalp on the right side. 
She was discharged with residual left-sided 
weakness, and continued to make a slow re- 
covery. Three months later she underwent 
a repeated right-sided carotid arteriogram 
that showed resolution of the narrowing 
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Fig 2.—Case 2. Left, Brain computed tomographic scan without contrast, showing large left-sided 
frontoparietal intracerebral hemorrhage. Right, Left internal carotid arteriogram showing spasm of 
extracranial portion of internal carotid artery. Intracranial vessels are displaced by large avascu- 
lar mass. 


that had been present on the first study (Fig 
4, right). 


COMMENT 


These patients all manifested a rel- 
atively stereotyped pattern of head- 
ache associated with intracerebral 
hemorrhage (Table). Two had common 
migraine and one suffered from classic 
migraine. Suddenly, following typical 
attacks, each suffered major lobar in- 
tracerebral bleeding. 

A relationship between preexisting 
migraine and intracerebral hemor- 


rhage in each of these patients can 
only be inferred. Intracerebral hemor- 
rhage is most commonly associated 
with hypertension, aneurysmal bleed- 
ing, rupture of macroscopic or cryptic 
vascular malformations, tumor necro- 
sis, primary vasculopathy, or, in popu- 
lations at risk, amphetamine or co- 
caine abuse. None of these conditions 
was demonstrated by either the clin- 
ical, arteriographic, or pathologic 
studies. 

The finding of tenderness over the 
appropriate carotid artery was strik- 
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ing in two of the patients, and sug- 
gested that carotid vessel pathologic 
findings were important in the devel- 
opment of intracerebral hemorrhage. 
Carotidynia has been associated with 
carotid artery dissection, carotid ar- 
tery occlusion, carotid artery aneu- 
rysm, giant cell arteritis, and mi- 
graine. None of our patients had a 
vessel biopsy performed to rule out 
giant cell arteritis, but normal sedi- 
mentation rates argued against this 
diagnosis. There was no evidence of 
occlusion or aneurysm in any of these 
cases. Spontaneous carotid artery dis- 
section, a diagnosis that might be sug- 


gested by the arteriographic findings 
in case 3, remains a possibility in that 
case, but has typically been associated 
with ischemic stroke." 

Brain computed tomographic scan- 
ning was highly suggestive of sponta- 
neous hemorrhage in two patients, and 
in one case (case 2) suggested the pos- 
sibility of underlying tumor. The im- 
ages were not consistent with the di- 
agnosis of hemorrhagic infarction in 
that the hematomata were dense, well 
cireumscribed, and did not show the 
patehy hyperdensity usually associ- 
ated with that condition. In one case 
(case 1), a computed tomographic scan, 
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Fig 3.—Case 2. Brain specimen from area adjacent to intracerebral hemorrhage showing suba- 
cute inflammatory infiltrate. Arrows point to macrophages. Note perivascular lymphocytic infiltra- 


tion (hematoxylin-eosin, X115). 


performed 2 days before the hemor- 
rhage occurred, was entirely normal. 
There was no evidence of ischemia or 
of vascular malformation. 

All patients underwent arterio- 
graphic studies of appropriate vessels. 
In each case there was evidence of sig- 
nificant spasm of a major vessel sup- 
plying the area in which hemorrhage 
occurred. In the two patients with ca- 
rotidynia, spasm was apparent in the 
extracranial portion of the internal 
carotid artery. In those patients the 
possibility of catheter-induced spasm 
seemed unlikely in view of both its 
persistence on repeated injections and 
the existence of carotidynia prior to 
the arteriogram. In the third patient, 
spasm was seen in the proximal seg- 
ment of the middle cerebral artery. 

Subarachnoid hemorrhage, cerebral 
trauma, central nervous system infec- 
tion, drug abuse, toxemia, fibromuscu- 
lar dysplasia, carotid artery dissec- 
tion, and cerebral vasculitis have all 
been associated with the radiographic 
appearance of spasm of the cerebral 
arteries. In the present cases, only the 
latter three possibilities could be rea- 
sonably entertained. 

One patient (case 3) in whom the di- 
agnoses of fibromuscular dysplasia or 
carotid artery dissection were consid- 
ered underwent follow-up study 3 
months after intracerebral hemor- 
rhage. At that time, spasm had com- 
pletely resolved, and the vascular ap- 
pearance was normal. Follow-up an- 
giographic studies in fibromuscular 
dysplasia have demonstrated either 
stable or progressive pathologic find- 
ings, but resolution of that process has 
not been described!" Carotid artery 
narrowing due to dissection may dis- 


Fig 4.— Case 3. Left, Brain computed tomographic scan without contrast showing right-sided frontoparietal intracerebral 
hemorrhage. Center, Digital angiogram showing extensive narrowing of extracranial portion of right internal carotid artery. 


Right, Right common carotid arteriogram 3 months later, showing resolution of spasm. 
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Summary of Clinical Features 


Characteristic 


Cases 


2 





Age, y/sex 61/F 


45/F 46/F 





Type of migraine Classic 
Duration of 
headache prior 


to intracerebral 


hemorrhage 


Common Common 





Not noted 


Carotidynia 


de TB 





Angiographic 
findings 
Pathologic findings 


Spasm of middle 
cerebral artery 


Vessel wall necrosis 


appear over time, thus the diagnosis 
remains possible in the present case, 
although spontaneous hemorrhage re- 
sulting from dissection, as opposed to 
hemorrhagic infarction, has not previ- 
ously been reported (to our knowl- 


edge). 

None of these patients had clinical 
or serologic evidence of systemic vas- 
culitis. Recently, several reports have 
described a condition known as acute 
benign cerebral vasculitis character- 
ized by the occurrence of transient fo- 
cal neurological deficits, often associ- 
ated with severe headache and mild 
abnormalities of the cerebrospinal 
fluid.'*?? Angiography in those patients 
disclosed narrowing of multiple in- 
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Spasm of internal 
carotid artery 

Subacute 
perivascular 
inflammation 


Spasm of internal 
carotid artery 


Not available 








tracranial and extracranial cerebral 
arteries, which largely improved when 
repeated examinations were done 
weeks or months later. Serdaru et al? 
have described a patient in whom a bi- 
opsy of the narrowing portion of a 
temporal artery, as documented by 
angiography, was performed. Based on 
the absence of inflammation, those au- 
thors suggested that “benign cerebral 
vasculitis” may represent a vasospas- 
tic phenomenon related to an underly- 
ing migrainous diathesis. Two such 
patients presented with intracerebral 
hemorrhage. While not described in 
detail in their article, those patients 
resemble ours in their outline, and it is 
likely that the condition we have de- 
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scribed represents one extreme of the 
spectrum of "benign" cerebral vaso- 
spasm. 

A migrainous cause for the arterio- 
graphically demonstrated spasm of 
vessels, either extracranial or intra- 
cranial, in each of the patients can only 
be suspected because of the similarity 
of each patient's prodromal symptoms 
to those associated with her typical 
attacks. It is possible that intracere- 
bral hemorrhage was the result of 
temporary ischemia of vessel walls 
followed by sudden reperfusion with 
subsequent rupture of ischemic ves- 
sels. An analogous process, as recently 
suggested by Caplan,? may explain in- 
tracerebral hemorrhage associated 
with toxemia,” and has been suggested 
to explain intracerebral hemorrhage 
associated with sympathomimetic 
drug abuse,” trigeminal nerve stimu- 
lation with resultant abrupt hyper- 
tension, cold exposure," and carotid 
endarterectomy with subsequent 
reperfusion.” 
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Relation of EEG Alpha Background to 


Cognitive Function, Brain Atrophy, and 


Cerebral Metabolism in Down's Syndrome 


Age-Specific Changes 


Orrin Devinsky, MD; Susumu Sato, MD; Robin A. Conwit, MD; Mark B. Schapiro, MD 


* We studied 19 young adults (19 to 37 
years old) and 9 older patients (42 to 66 
years old) with Down’s syndrome (DS) and 
a control group of 13 healthy adults (22 to 
38 years old) to investigate the relation of 
electroencephalographic (EEG) alpha 
background to cognitive function and ce- 
rebral metabolism. Four of the older pa- 
tients with DS had a history of mental de- 
terioration, disorientation, and memory 
loss and were demented. Patients and 
control subjects had EEGs, psychometric 
testing, quantitative computed tomogra- 
phy, and positron emission tomography 
with fludeoxyglucose F 18. A “blinded” 
reader classified the EEGs into two 
groups—those with normal alpha back- 
ground or those with abnormal back- 
ground. All the control subjects, the 13 
young adult patients with DS, and the 5 
older patients with DS had normal EEG 
backgrounds. In comparison with the age- 
matched patients with DS with normal 


Downs syndrome (DS) is a genetic 

disorder in which an extra portion 
of chromosome 21 leads to mental re- 
tardation and dementia in old age.! 
Young patients with DS may show 
electroencephalographie (EEG) back- 
ground slowing of unknown cause that 
may be related to delayed maturation 
of the brain. Old patients with DS (>35 
to 40 years) may show neuropathologic 
changes of Alzheimer's disease, which 
may lead to regression of mental 
function”? and progressive background 
slowing and disorganization on the 
EEG.*5 The behavioral, structural, and 
cerebral metabolic correlates of EEG 
slowing in patients with DS have not 
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alpha background, older patients with DS 
with decreased alpha background had de- 
mentia, fewer visuospatial skills, de- 
creased attention span, larger third ven- 
tricles, and a global decrease in cerebral 
glucose utilization with parietal hypome- 
tabolism. In the young patients with DS, 
the EEG background did not correlate with 
psychometric or positron emission tomo- 
graphic findings, but the third ventricles 
were significantly larger in those with ab- 
normal EEG background. The young pa- 
tients with DS, with or without normal EEG 
background, had positron emission tomo- 
graphic findings similar to those of the 
control subjects. The mechanism underly- 
ing the abnormal EEG background may be 
the neuropathologic changes of Alzhe- 
imer's disease in older patients with DS 
and may be cerebral immaturity in younger 
patients with DS. 
(Arch Neurol. 1990;47:58-62) 


been defined. 

We studied the differences between 
patients with DS with and without 
normal alpha background in relation 
to cortical involvement as revealed by 
psychometric testing, quantitative 
computed tomography (CT), and 
positron emission tomography (PET) 
with fludeoxyglucose F 18 (5FDG- 
PET). Because of the age-related 
cognitive neuropathologic,*> and 
metabolic’ changes, the mechanism 
underlying the abnormal EEG may be 
different in young and old patients 
with DS. Therefore, the patients with 
DS were divided into two groups— 
young adults (<40 years old) and older 
adults (>40 years old). 


PATIENTS AND METHODS 


We studied 28 patients with DS—19 
young adults (13 men and 6 women), aged 19 
to 37 years (mean, 26.4 years), and 9 older 
adults (4 men and 5 women), aged 42 to 66 
years (mean, 52.1 years). All patients with 
DS, recruited from family or group homes, 
had trisomy 21 karyotype. Four of the older 
patients had a history of mental deteriora- 
tion, disorientation, and memory loss and 


were demented.5 We also studied 13 healthy 
control subjects (7 men and 6 women) aged 
22 to.38 years (mean, 29.5 years). Informed 
consent was obtained from the parents or 
guardians of all patients with DS and from 
the control subjects after the nature and 
possible consequences of the study were 
fully explained to them. 

Screening of the patients and control 
subjects”? included a review of the medical 
history, physical and neurologic examina- 
tions, and the following laboratory tests: 
routine blood cell counts and serum chem- 
istry studies; thyroid function tests; VDRL, 
antinuclear antibody, serum folate, and vi- 
tamin B,, determinations; electrocardio- 
grams; and chest roentgenograms. Patients 
with evidence of hypothyroidism (ie, de- 
creased thyroxine or increased thyrotropin 
levels) were excluded. Thyroid replacement 
drugs were the only medication taken by 
the patients with DS, all of whom were eu- 
thyroid with treatment. None of the pa- 
tients had epilepsy. 


EEG Studies 


An EKG was obtained from all patients 
and subjects. The 17- or 21-channel EEG 
was recorded for 30 to 40 minutes, with 
surface electrodes applied according to the 
international 10-20 system. Both bipolar 
and referential montages were employed. 
Recording included hyperventilation and 
intermittent photic stimulation of 1 to 33 
Hz in 36 cooperative patients. All record- 
ings included waking periods and assess- 
ment of reactivity to eye opening and eye 
closure. The EEGs were interpreted by a 
board-certified ^ electroencephalographer 
who had no knowledge of the patients' or 
subjects' diagnoses, age (except that all of 
them were over age 20 years), sex, or results 
of imaging or psychometric tests. The 
EEGs were classified according to the pres- 
ervation or loss of alpha background activ- 
ity. Normal EEG alpha background activity 
consisted of bilaterally symmetric, regular 
posterior rhythms (8.5 to 13 Hz, 20 to 70 nV) 
evident during eye closure and attenuated 
by eye opening. Abnormal background ac- 
tivity was defined as either absent alpha 
background or an irregular, low-amplitude, 
mixed-frequency (6 to 11 Hz, 10 to 40 nV) 
background. 


Psychometric Testing 


The patients with DS were assessed neu- 
ropsychologically with the Peabody Picture 
Vocabulary Test-Revised,’ the Block Pat- 
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Fig 1—Electroencephalograms in older patients with Down's syndrome with normal (left) and abnormal (right) alpha background. 


tern Subtest of the Hiskey-Nebraska Test 
of Learning Aptitude," and the Wechsler 
Intellectual Scale for Children-Revised 
Block Design Subtest.'! The Extended Block 
Design, a simplified test for low-ability 
subjects," also was used. Attention was as- 
sessed by use of Forward Digit Span, Object 
Pointing Span, and Block Tapping Span. 
Immediate visual recognition memory was 
measured with a design span test of non- 
representational geometric objects. 


CT Studies 


Noncontrast CT studies of the brain were 
performed with a CT scanner (GE 8800, 
General Electric Co, Milwaukee, Wis) on 18 
young patients with DS and on 8 of the older 
patients. The method for scanning and 
analysis has been previously described." 


PET Studies 


Thirteen young adult patients with DS 
and 7 older patients with DS, as well as all 
control subjects, had *FDG-PET studies. 
The global gray matter and regional cere- 
bral metabolic rates for glucose (CMRgle 
and rCMRglc) were measured in the resting 
state (with the patients' ears plugged and 
eyes patched) with a multislice PET scan- 
ner (Scanditronix PC-1024-7B, Uppsala, 
Sweden). Spatial resolution (full width at 
half maximum) was 6 mm in the image 
planes. A transmission scan, using a ring 
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Table 1.—Neuropsychological Findings in Patients With DS With Normal and Slow EEG 
Background Activity * 


DS in Young Patients 


DS in Old Patients 


—————— a ——— 
Normal EEG Slow EEG Normal EEG Slow EEG 


(n = 13) 


Language 
Peabody Picture Vocabulary age 


Visuospatial 
Hiskey-Nebraska Block Pattern Subtest 3.2 


WISC-R Block Design Subtest 

Extended Block Design Test 
Attention 

Digit Span 

Object Pointing Span 

Block Tapping Span 


Visual recognition memory 
Design Span 








* Values are given as mean + 


(n — 6) (n — 5) (n — 4) 


10d KAF 


7.5 + 3.4t 
2.7 + 26 





SD of test age (year) for language test and of test scores for all other tests. 


DS indicates Down's syndrome; EEG, electroencephalogram; and WISC-R, Wechsler Intellectual Scale for Chil- 


dren-Revised. 


TSignificant difference in older age group between patients with slow EEG background and patients with a 


normal EEG (Wilcoxon's two-sample test, P < .05). 


phantom of *F, was obtained to correct for 
attenuation of radiation by the skull. Two 
transmission scans were obtained, offset by 
6.9 mm (half-slice separation) in the z-axis 
to provide an interleaved set of 14 slices. A 
bolus injection of 5 mCi of *FDG was then 
administered intravenously. Arterial blood 


samples were drawn for measurement of 
radioactivity and glucose levels in plasma. 
After 45 minutes, 10-minute emission scans 
were obtained at the same two levels as 
those for the transmission scans. The PET 
images were reconstructed and corrected 
for attenuation with the use of data from 
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the transmission scans. Counts from the 
brain were converted to brain radioactivi- 
ties (nanocurie per milliliter), with the use 
of a calibration factor derived by scanning 
a homogeneous, cylindrical phantom with a 
known "FDG concentration within several 
hours of each scan. Plasma and brain ra- 
dioactivities were corrected for physical 
decay to the time of injection. From the 
time courses of plasma and brain radioac- 
tivity, the plasma glucose concentration, 
and the time of scanning, metabolic rates 
were calculated in milligrams per 100 g per 
minute using Brooks’ modification of the 
operational equation of Sokoloff et al. A 
value of 0.418 was used for the lumped 
constant.'* 

The PET slices were compared with ana- 
tomic sections from an atlas of the human 
brain." A template, derived from a PET 
scan of a healthy subject and consisting of 
circular regions of interest 8 mm in diam- 
eter (48 mm?), was placed over the corre- 
sponding PET slices for each subject. The 
template was spaced evenly throughout the 


attention compared with older pa- 
tients who had normal alpha back- 
ground. These patients also had a non- 
significant decrease of at least 50% on 
the test of language function, on one 
test of attention, and on the test of vi- 
sual recognition memory compared 
with older patients who had normal 
alpha background. 

The CT studies showed significant 
enlargement of the third ventricle in 
young and old patients with DS with 
slow EEG background activity com- 
pared with the respective age-matched 
patients with DS with normal EEGs 
(Table 2). The lateral ventricles were 


more than twice as large in older 
patients with DS with slow EEG back- 
ground activity than in those with 
normal EEG background, but the dif- 
ference was not significant (Fig 2). 
The PET studies showed that young 
adult patients with DS with abnormal 
EEG background activity had signifi- 
cantly increased CMRgle in the left 
calcarine and occipital association ar- 
eas compared with those with normal 
background activity (Table 3). The two 
young groups with DS had no other 
significant differences in regard to 
CMRgle, including measurement of 
CMRglcasymmetries. The CMRgle and 









Table 2.— Ventricle Size in Patients With DS With Normal and Slow EEG Background 
Activity * 


DS in Young Patients 
————————————D 







DS in Old Patients 
———————— 


























cortex and centered in subcortical areas, Normal EEG Slow EEG Normal EEG Slow EEG 
such as the thalamus. There were 201 re- Brain Structure (n — 12) (n — 6) (n — 4) (n — 3) 
gions of interest on eight slices, which were Left lateral ventricle 10.0 + 5.2 15.2 + 8.0 9.5 + 10.4 21.9 + 2.8 
averaged over larger regions. Regions of Right lateral ventricle 7.5 + 3.7 11.1 + 6.6 8.2 + 8.1 18.6 + 1.3 
interest for subcortical structures were Third ventricle 0.49 + 0.18 0.97 + 0.33t 0.55 + 0.17 3.1 + 0.351 





placed on the single slice in which they were 


* Values are given as mean + SD of ventricle size (cubic centimeter) as determined by computed tomogra- 
seen best. 


phy. DS indicates Down's syndrome; and EEG, electroencephalogram. 
tSignificant difference within each age group between patients with slow EEG background and patients with 


Statistical Analysis 


For the psychometric findings, the 
Wilcoxon two-sample test was used to com- 
pare patients with DS with and without 
normal alpha EEG background in both age 
groups." For CT and PET, differences be- 
tween mean values in the patients with DS 
with and without normal alpha background 
were analyzed with an unpaired t test in the 
young and older age groups.'* The criterion 
of statistical significance was P « .05. 


RESULTS 


The EEG alpha background activity 
was normal in 13 (68.4%) and abnor- 
mal in 6 (31.6% ) of the 19 young adult 
patients with DS. The activity was 
normal in 5 (55.6% ) and abnormal in 4 
(44.4% ) of the 9 older patients with DS 
(Fig 1). All 13 control subjects had 
normal alpha background activity. 
One of the older patients with DS had 
right frontal slowing, one showed 
right temporal sharp transients, and 
another had a photomyoclonic re- 
sponse. All four of the older patients 
with DS with loss of alpha background 
on the EEG were demented; two of 
these patients had neuropathologic 
confirmation of Alzheimer's disease at 
autopsy. 

Neuropsychological findings (Table 
1)in the young adult patients with DS 
showed no significant differences be- 
tween those with normal EEG back- 
ground and those with slow EEG back- 
ground. Older patients with DS with 
abnormal EEG background had sig- 
nificant impairment on two tests of 
visuospatial skills and on one test of 
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a normal EEG (unpaired t test, P < .01). 


Significant difference within each age group between patients with slow EEG background and Patients with 


a normal EEG (unpaired t test, P < .001). 





Fig 2—Computed tomographic scans in older patients with Down's syndrome at the level of the 
third ventricle (top) and the foramen of Monro (bottom) with normal (left) and abnormal (right) al- 
pha background (same patients as in Fig 1). 
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rCMRgle were notably reduced in the 
older patients with DS with slow EEG 
alpha background compared with 
those with normal background (Color 
Figure). No significant differences 
were seen between the left and right 
hemispheres in CMRgle or rCMRgle in 
the older patients with DS with nor- 
mal or slow EEG background activity. 
Quotients of rCMRglc in association 
regions to rCMRgle in the sensorimo- 
tor area showed relative reduction of 
parietal regions bilaterally. The CMR- 
gle or rCMRgle of young patients with 
DS with or without normal EEG alpha 
background did not differ significantly 
from that of young control subjects. 


COMMENT 


This study demonstrates that the 
significance of an abnormal EEG back- 
ground is different for older patients 
than for younger patients with DS. In 
patients over age 40 years, the back- 
ground slowing is associated with de- 
mentia, increased ventricle size, and a 
global reduction in CMRgle with rela- 
tive parietal hypometabolism. In con- 
trast, an abnormal EEG background 
in patients under age 40 years corre- 
lates with increased ventricle size but 
not decreased cognitive or cerebral 
metabolic activity. The differences in 
ventricular size are more marked in 
the older patients with DS. 

Previous EEG studies of DS*?? in- 
cluded mainly young subjects and fo- 
eused on the incidence of background 
or epileptiform abnormalities. Our 
finding that the EEG is normal in ap- 
proximately 60% of patients with DS 
agrees with prior reports.* Excessive 
theta activity is the most common 
EEG abnormality and is present in 
11%” to 8895? of patients with DS. 
Immature cerebral development has 
been suggested as the cause for in- 
creased theta activity in patients 15 to 
34 years of age. This hypothesis is 
supported by the EEG finding of de- 
layed maturation during the first year 
of life in infants with DS.? 

Although none of the patients in our 
study had epilepsy, the reported inci- 
dence of recurrent seizures in the pop- 
ulation with DS ranges from 175 to 
10% 519712527 We found epileptiform 
transients in only 1 (3.7%) of the 28 
EEGs from our patients, but others 
have reported them in up to 26% of 
patients with DS.’ The low incidence of 
paroxysmal discharges in our series 
may be because we studied karyotyped, 
noninstitutionalized patients without 
focal lesions. 

There has been limited study of the 
EKG in patients with DS over age 40 
years. Tangye? reported that excessive 
slowing was most common in patients 
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Table 3.—Hemispheric and Regional Cerebral Metabolic Rates of Glucose Utilization in 
Patients With DS With Normal and Slow EEG Background Activity * 


DS in Young Patients DS in Old Patients 
a e — 
Normal EEG Slow EEG Normal EEG Slow EEG 
Brain Region (n = 9) (n = 4) (n = 5) (n = 2) 
Hemisphere 
R 8.7 + 0.9 9.2 0.4 8.5 + 0.8 5.2 1.01 
L 8.7 0.9 9.3 + 0.3 8.5 + 0.8 4.9 1.3 


Superior parietal 
R 9.2 + 0. 9.6 + 0.34 8.6 + 0.7 4.8 + 1.9f 


L 9.0 + 1.0 9.6 + 0.43 8.8 + 0.9 4.5 + 2.3t 


Medial parietal 
R 9.3 + 0. 9.0 + 0.4 92 ck. 152 5.0 + 1.6% 


L 9.2 + 1. 9:25:12 9.2 + 2.0 4.5 + 2.21 
Inferior parietal 
R 8.7 : 9.5 + 0.2 9.0 + 0.6 4.2 + 1.0f 
E 8.8 j| 9.5 0.2 8.9 1.0 4.1 1.4t 
Calcarine 
R 8.9 ! 9.7 * 1.4 9.1 1.8 6.1 + 0.24 
t 8.9 10.1 9.3 1.5 4.7 + 0.4¢ 
Occipital association 
R 8.0 k 8.1 i 8.1 1.2 4.1 + 0.8t 
L 8.0 P 8.8 + 8.2 + 0.8 4.1 1.01 
Thalamus 
R 9.7 à 9.6 + 0.6 6.9 + 0.7t 
L 9.9 0.8 5.9 + O.3f 
* Values are given as mean + SD of cerebral metabolic rates of glucose measured in milligrams per 100 g 
per minute. DS indicates Down's syndrome; and EEG, electroencephalogram. 
tSignificant difference within each age group between patients with slow EEG background and patients with 
a normal EEG (unpaired t test, P < .01). 
Significant difference within each age group between patients with slow EEG background and patients with 
normal EEG (unpaired t test, P <.05). 















































Positron emission tomographic scans in older patients with Down's syndrome with normal (at left) 
and abnormal (at right) alpha background (same patients as in Fig 1). EEG indicates electroen- 
cephalogram. 
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older than 44 years, and we did find a 


slightly increased frequency of back- 
ground slowing in older patients 
(44.4% vs 31.6% in younger patients). 
Although delayed cerebral maturation 
may contribute to the excessive theta 
activity in young patients with DS, it 
cannot explain the increased incidence 
in older patients, since excessive slow- 
ing may first occur after age 40 years. 
Certain EEG background abnormali- 
ties in patients over age 40 years may 
reflect the neuropathologic degenera- 
tion characteristic of Alzheimer's dis- 
ease,’ which also underlies the mental, 
structural, and metabolic changes of 
dementia in these patients.” 

Patients with dementia of the 
Alzheimer type (DAT) have progres- 
sive EKG changes, including increased 
theta activity and a decreased 8 power 
spectrum and mean frequency.” 
There is a progressive decrease in al- 
pha power and frequency and an in- 
crease in delta activity in moderate 
and severe stages of the disease.???! The 
degree of these electrophysiologic 
changes may reflect the extent of 
pathologic degeneration. Psychomet- 
ric test scores of patients with DAT 
correlate with the decline in EEG 
frequency.” Sheridan et al? found 
that patients with DAT with normal 
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alpha background had higher 
Wechsler Adult Intelligence Scale per- 
formance IQ scores, Wechsler Memory 
Scale scores, and parietal glucose met- 
abolic rates on PET than did patients 
with decreased alpha background, and 
they concluded that relative intactness 
of parietal lobe function correlates 
with preservation of EEG alpha back- 
ground. Our findings in older patients 
with DS are similar to those in pa- 
tients with DAT, although we found a 
more global decline in cognitive and 
metabolic function associated with 
loss of normal background rhythms. 

The neuropsychological changes in 
older patients with DS with abnormal 
EEG background are similar to those 
seen in DAT and involve language, 
visuospatial ability, attention, and vi- 
sual recognition memory. In patients 
with focal brain disease, these changes 
have been attributed to lesions in the 
parietal, frontal, and temporal lobes.™ 
However, the alpha rhythm of the 
scalp-recorded EEG is generated by 
the parieto-occipital cortex.” There- 
fore, the loss of the normal EEG back- 
ground in our patients most likely re- 
flected parietal and occipital lobe dys- 
function but was associated with a 
more diffuse disturbance of cerebral 
function. 
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Plasmapheresis on Antiepileptic Drug Concentrations 
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@ A28-year-old woman developed com- 
plex partial seizures at the age of 17 years 
and was treated with phenytoin sodium. 
Five years later she developed myasthenia 
gravis, and phenytoin was replaced by 
valproic acid and phenobarbital. She re- 
quired plasmapheresis (PP). During one 
course of PP, total and unbound concen- 
trations of valproic acid and phenobarbital 
were measured in serum sampled before, 
during, and after PP and in plasma re- 
moved by PP. It was determined that the 
magnitude of loss of valproic acid or phe- 
nobarbital by PP was small, and the 
changes of unbound/total ratio did not 
reach clinical importance. 

(Arch Neurol. 1990;47:66-68) 


While removal of phenobarbital or 

valproic acid by peritoneal 
dialysis? and hemodialysis?^ has been 
established, extraction of these drugs 
in patients undergoing plasmaphere- 
sis (PP) has not been studied in detail. 
Plasmapheresis has become an ac- 
cepted effective treatment for myas- 
thenia gravis? which has been re- 
ported in association with epilepsy? 
and epileptiform patterns in 
electroencephalography. It has been 
shown to significantly decrease pheny- 
toin concentration and result in 
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seizures,” but, to our knowledge, its 
effect on valproic acid and phenobar- 
bital concentrations has not been stud- 
ied. We evaluated the effect of PP on 
valproic acid and phenobarbital levels 
in a patient with epilepsy and myas- 
thenia gravis. 


REPORT OF A CASE 


A 28-year-old woman was diagnosed as 
having complex partial seizures at the age 
of 17 years. Electroencephalography re- 
vealed an epileptogenic focus in the left an- 
terior temporal lobe. The patient was ini- 
tially treated with phenytoin sodium (Di- 
lantin) (500 mg/d), with good control. At 
the age of 22 years, she developed weakness 
of legs, diplopia, and difficulty with swal- 
lowing and respiration. Electromyography 
and an edrophonium test confirmed the di- 
agnosis of myasthenia gravis. Pyridostig- 
mine bromide therapy (60 mg four times 
daily) initially improved the condition, and 
the patient subsequently underwent a 
thymectomy and was treated with pred- 
nisone. One year later, she noticed a tem- 
poral relationship between taking pheny- 
toin and increasing weakness; phenytoin 
therapy was discontinued and, since then, 
she has been taking valproic acid (Depa- 
kene) and phenobarbital. 

The patient first underwent PP 5 years 
before this study began. She was also 
treated with azathioprine (25 mg four times 
daily) and prednisone (50 mg every other 
day). Her muscle strength improved dra- 
matically, and the titer of acetylcholine re- 
ceptor antibody decreased from 10 U to less 
than 1 U. Over a 4-year period she under- 
went a total of 13 courses of PP. Each course 
consisted of 2 to 3 consecutive days of 
plasma exchange, and each procedure 
lasted approximately 2 hours. Thus, during 
this 4-year period the patient had 35 plasma 
exchanges. She continued to have seizures 
about once every 1 to 4 months, and she ex- 
perienced seizures during two different PP 
courses, 


METHODS 
PP Procedures 


The plasma exchange was performed by 
continuous-flow cell separator at the Com- 
munity Blood Center of Kansas City (Mo) 
on three consecutive mornings. A total of 
2500 mL of plasma was removed (1.4 times 
the estimated plasma volume) and ex- 
changed with 1800 mL of saline and 1250 
mL of 5% normal serum albumin. During 
the exchange, 450 mL of adenine citrate 
dextrose A solution was introduced into the 
system. The exchange lasted for 2 hours on 
days 1 and 2, without technical difficulty, 
but an occluded arteriovenous fistula was 
encountered on day 3. Therefore, data from 
day 3 were not included in this study. 


Medication Schedule 


The patient had been on the following 
drug regimen for 4 months before this PP: 
pyridostigmine bromide (120 mg three 
times a day before meals and a 180-mg 
time-span capsule at bedtime), valproic 
acid (250 mg at 8 AM, 1 PM, and 5 PM and 500 
mg at 9 PM, for a total daily dose of 1250 mg), 
and phenobarbital (115 mg at 9 PM). To as- 
sure that this study was carried out during 
steady state conditions, the patient was 
asked to maintain her usual schedule dur- 
ing all 3 days of PP. 


Specimen Collection 


Five serum samples were drawn as fol- 
lows: sample 1, at 8 AM prior to the first dose 
(trough level); sample 2, immediately be- 
fore PP at 9 AM; samples 3 and 4, during PP 
(after the exchange of bag 1 of 1000 mL and 
after bag 2 of another 1000 mL); and sam- 
ple 5, immediately after the completion of 
PP (after the collection of bag 3 of 500 mL). 
Three additional samples were collected 
from the aliquot of the removed plasma 
from bags 1, 2, and 3. 


Drug Assay 


Both total and unbound (free) concentra- 
tions were measured. Unbound valproic 
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acid and phenobarbital in serum and re- 
moved plasma were determined using the 
principle of ultrafiltration and centrifu- 
gation" (Amicon MPS-1 Centrifree Micro- 
partition System, Amicon Corp, Scientific 
Systems Division, Danvers, Mass). For the 
determination of the concentration of un- 
bound drugs, 1 mL of serum or removed 
plasma was poured into the sample reser- 
voir of the filtration system and capped. 
After being tightly attached to the filtrate 
cup, it was centrifuged at 2500 X g for 10 
minutes. Approximately 0.5 mL of the fil- 
trate was collected. 

Both unbound and total valproic acid and 
phenobarbital levels were determined by 
fluorescence polarization immunoassay 
(TDX Analyzer System, Abbott Laborato- 
ries, Diagnostics Division, Irving, Tex). 
Both unbound and total concentrations 
were determined the same day; they were 
run in duplicate, and coefficients of varia- 
tion were 2.9% for total-form valproic acid, 
6.3% for unbound valproic acid, 2.3% for 
total-form phenobarbital, and 3.6% for un- 
bound phenobarbital. These were well 
within previously reported limits of reli- 
ability of the drug assay." The mean of each 
pair of duplicate measurements was used in 
the analysis. 


RESULTS 
Magnitude of Removal of Valproic Acid 
and Phenobarbital by PP 


From the measured volume and con- 
centration of the removed plasma in 
each bag, the amount of valproic acid 
removed was calculated to be 89.5 and 
89.0 mg per exchange and that of phe- 
nobarbital was 45 and 42.6 mg per ex- 
change on 2 consecutive days (Table 1). 

The change in the amount of val- 
proic acid or phenobarbital in the body 
can be calculated from the volume of 
distribution and change in serum level. 
In adults, the volume of distribution is 
in the range of 0.16 L/kg for valproic 
acid'^5 and 0.54 + 0.08 L/kg for 
phenobarbital. For valproic acid, the 
serum level decreased by 100.6 umol/L 
(14.5 mg/L) on September 27, 1983, and 
by 110.3 umol/L (15.9 mg/L) on Sep- 
tember 28, 1983 (Table 2). Using the 
equation for volume of distribution 
and the patient's weight of 46 kg, it can 
be calculated that 106.7 and 117 mg, 
respectively, were cleared during PP. 
For phenobarbital, the serum level de- 
creased by 14.7 umol/L (3.4 mg/L) on 
September 27 and by 12.1 umol/L (2.8 
mg/L) on September 28 (Table 2). This 
is equivalent to 84.5 and 69.6 mg, re- 
spectively. Thus, PP could account for 
the major proportion of removal of 
valproic acid (day 1, 89.5/106.7 mg 
[83.9% |; day 2, 89/117 mg [76.1% ]) and 
phenobarbital (day 1, 45/84.5 mg 
[53.395]; day 2, 42.6/69.6 mg [61.2% ]) 
during PP, with hepatic metabolism 
and renal clearance accounting for the 
rest. 
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Table 1.—Each Bag of Removed Plasma Was Checked for Concentrations of 
Valproic Acid (VPA) and Phenobarbital (PB) * 


M 
9/27/83 








Drug concentration, umol/L 
Bag 1 (1000 mL) 


273.4 


Bag 2 (1000 mL) 233.9 





PB 
ee 


9/28/83 9/27/83 9/28/83 


263.0 
243.6 








Bag 3 (500 mL) 233.9 


236.0 





Drug removed, mg 
Bag 1 39.4 
Bag 2 33.7 
Bag 3 





37.9 
35.1 











Total Removedt 


*The numbers are the mean of duplicate measures. 


TExpressed as milligrams per exchange. 


Table 2.—Serum Levels of Valproic Acid (VPA) and Phenobarbital (PB) Were 
Determined at Early Morning (Trough Level) Before, During, and After 
Plasmapheresis (PP) 


Early am Pre-PP 


After the Exchange of 
——————D 
1000 mL 2000 mL 2500 mL 





VPA, umol/L 


Day 1 (9/27/83) 
Total 372.0 


Unbound 61.8 
Ratio, %* 16.6 


298.4 
61.8 
20.7 











Day 2 (9/28/83) 
Total 375.5 


Unbound 50.0 
Ratio, 9o * 


284.5 
52.1 





PB, pmol/L 


Day 1 (9/27/83) 
Total 


114.2 
Unbound 
Ratio, 9o * 

Day 2 (9/28/83) 

Total 
Unbound 
Ratio, % * 

"Ratio of unbound to total VPA or PB. 


Changes of Serum Level During PP 


Table 2 traces serum levels over the 
course of PP. The serum levels of both 
valproic acid and phenobarbital 
dropped appreciably during the early 
phase of PP, and the magnitude of dif- 
ference was greater for valproic acid 
than for phenobarbital. 


Effect of PP on Unbound/Total 
Ratio of Drugs 


In comparing the data from pre- and 
post-PP levels, it was found that un- 
bound/total ratios were unchanged for 
phenobarbital and that the magnitude 
of changes was not of clinical impor- 
tance for valproic acid (Table 2). Even 
after the exchange of significant 
amounts of plasma protein, drugs were 
able to quickly reestablish the same 
proportion between unbound and pro- 
tein-bound form. 











COMMENT 


Epilepsy coexisting with myasthe- 
nia gravis is not a common clinical 
problem; however, it has been noted by 
Patten? that myasthenic patients have 
a higher than normal frequency of sei- 
zures. In one series of 149 patients with 
juvenile myasthenia, four had associ- 
ated epilepsy.’ In another series of 118 
patients with myasthenia, two pa- 
tients had seizures.? 

Phenytoin has been associated with 
disorders in neuromuscular transmis- 
sion in both human experiences and 
rat experiments."'* One instance of 
myasthenia developing during pheny- 
toin use has been well documented.” 
Our patient developed myasthenia 
gravis after being treated with pheny- 
toin for 5 years. During her first year 
of myasthenia gravis, symptoms tem- 
porally related to the intake of pheny- 
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toin were observed. This further ex- 
emplifies the potential of this antiepi- 
leptic drug to affect the myasthenic 
condition. 

Plasmapheresis has been noted to 
cause rapid fluctuations of antimyas- 
thenic drugs? and phenytoin." In one 
patient with thrombotic thrombocy- 
topenic purpura who underwent two 
plasma-volume exchanges lasting for 4 
to 5 hours, the procedures removed a 
significant amount of phenytoin, and 
additional doses of phenytoin were re- 
quired to control the seizures. In our 
patient, enough time did not pass dur- 
ing PP to permit calculation of a valid 
half-life, and the patient did not have 
the same magnitude of exchange (only 
14 plasma-volume exchanges in 2 
hours). The magnitude of loss of val- 
proic acid and phenobarbital by PP, on 
2 different days, was relatively small, 
amounting to 7.1% to 7.2% and 37% to 
39% of the daily dose of valproic acid 
and phenobarbital, respectively. 

Itis known that PP removes plasma 
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factors most efficiently during the first 
hour of exchange," and our patient 
Showed an appreciable drop of serum 
level of valproic acid, and to a lesser 
degree of phenobarbital, in the first 
1000-mL exchange. Studies of antiepi- 
leptic drug concentrations in the hu- 
man epileptogenic brain have shown a 
good correlation between brain and 
plasma ratio in phenytoin, phenobar- 
bital, and valproic acid.” In contrast 
to phenobarbital and phenytoin, how- 
ever, valproic acid concentration in the 
brain is thought not to reflect selective 
brain receptor binding, although it is 
related to the free valproic acid level in 
plasma.^ Goldberg and  Todoroff^ 
found that valproic acid was not bound 
to brain or its subfraction; and there 
was little, if any, binding of valproic 
acid to either protein or phospholipid 
in the brain. In our patient, the effect 
of PP in removing valproic acid is sub- 
stantially higher than in removing 
phenobarbital. 

In the past, our patient had experi- 
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NON-EPILEPTIC (PSEUDOEPILEPTIC) SEIZURES 


Current Concepts In Causation, Diagnosis, and Treatment 


Sponsored by 
The American Epilepsy Society 
The Epilepsy Foundation of America 


Marriott Marina Hotel 
Fort Lauderdale, Florida 
March 1 - 3, 1990 


* Sleep Disturbances 
Mimicking Epilepsy 

* Neuropsychological Issues 

* Psychiatric Diagnosis 

* Management 


* Phenomenology 

e Classification 

* Differential Diagnosis 

* The Problem of 
Co-existing Epilepsy 


ANDERMANN * BLUMER * DODRILL * DREIFUSS 
FEDIO * FORD * FRENCH * GATES * GOODWIN 
GUMNIT * HERMANN * KING * LESSER 
MAHOWALD * MATTSON * NOVELLY * PENRY 
PORTER * PRITCHARD * RAMANI * RITTER 


Current practice and research in non-epileptic seizures 
will be presented by a distinguished North American 
faculty. Round table discussions on issues of clas- 
sification, diagnosis and treatment will be supplemented 
by videotape presentations. Extensive opportunity will be 
available for interaction of faculty and registrants, and 
two poster sessions will be held. 

Registration fee includes lunch and refreshments at poster 


sessions. 4 
Course Fee 


Physicians 
Psychologists & allied health fields 
Residents, fellows & other trainees 


The American Epilepsy Society designates this 
symposium as meeting criteria for 15 credit hours in 
Category I of the Physicians Recognition Award of the 
American Medical Association provided it is completed 
as designed. 


For further information, contact: 
Linda Tuchman * Neurology Service (127) 


ROSENBAUM * ROWAN * ROY * SAVARD * SMITH 
TOREM * WILLIAMSON * WYLER 


VA Medical Center * 130 W Kingsbridge Road 
Bronx, NY 10468. (212) 584-9000 ext: 1885. 


WEST PALM BEACH 


529 25st Street 


MIDAS REX"" Institute 
HANDS-ON WORKSHOPS* 


“Modern Dissection Techniques of _. ’ 
Bone, Biometals, BioceramiCs, and Bioplastics” 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of 
structured exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, CRANIOFACIAL, PLASTIC, OTOLOGICAL, MAXILLOFACIAL—dissection skills for 
bonework of the head and spine, including attention to bioplastics, and biometals as applicable. 

OR PERSONNEL —dissection skills to become familiar with the applications of power instrumentation; and 

participation in problem solving, care and proper maintenance of power equipment. 


Neurosurgeons (Neuro 700) 
FEBRUARY 12-13-14 - 22-23-24 
MARCH 8-9-10 * 26-27-28 
MAY 7-8-9 « 21-22-23 
JUNE 11-12-13 * 25-26-27 

OR Personnel (ORP 700) 

MARCH 29-30-31 
MAY 14-15-16 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 (with letter from 
Department Head); All Operating Room Personnel (RN/CST/PA/Other) $250.00. 
Make check to "Palm Beach Symposium." Mail to: Midas Rex Institute, 2929 Race 
Street, Fort Worth, TX 76111. Phone: 800-433-7639 or 817-831-2604. 
*Enrollment is limited. Please call to reserve space before sending check or arranging 


Ay Join the more than 7,800 enrollees who have completed Midas Rex Hands-On Workshops. 
Y xe 
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MIGRAINE’ 





TT LT E OR eke oe SRE PAPE 


4 c. 


(ergatamine tartrate 


A 1] ana cafreine) Tablets/Suoposifories 


e e Highly Effective: | 
Aborts migraines before they start 
Stops migraines in progress 
F 


e Reliable and Predictable 








The choice from the start 


8 


*MSG, a common additive in Chinese cooking, may precipitate 
migraine attacks in susceptible individuals. 


Please see following page for brief summary of prescribing information. 
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CAFERGOT* CAFERGOT? P-B 


(ergotamine tartrate and caffeine) tablets, USP TABLETS AND SUPPOSITORIES 
(ergotamine tartrate and caffeine) suppositories, USP 


DESCRIPTION 
CAFERGOT* — 
Tablet: 
ergotamine tartrate, USP 
caffeine, USP dob SA ; 
Inactive Ingre , carnauba wax, , methylparaben, povidone, propylp: 
benzoate, sorbitol, starch, stearic acid, sucrose, synthetic black ferric oxide, synthetic red ferric oxide, 
synthetic yellow ferric oxide, talc, tartaric acid and titanium dioxide, 
Suppository: 
ergotamine lartrate, USP 






















CAFERGOT® P-B — 


Tablet: 

ergotamine tartrate, USP ............. we 1mg 
caffeine, USP ........... 

Bellafoline® puedes aloids of belladonna) . 0.125 mg 
ParDUbIS BOON USB. Lid cux 70 214 amd Roin Uidns ee PIE e RE Sn Emus E ES 30 mg 





Warning: May be habit forming. 

Inactive Ingredients; acacia, carnauba wax, color additives including D&C Yellow #10, FD&C Blue #1, 
FD&C Yellow #6 (Sunset Yellow), lactose, malic acid, mixed parabens, povidone, sodium benzoate, starch, 
Stearic acid, sucrose, talc, tartaric acid and titanium dioxide. 





Suppository: 
ergotamine tartrate, USP ....... T ps AAT eke hs 2mg 
caffeine, USP 100 mg 


Bellafoline® (levorotatory alkaloids of belladonna) . 
pentobarbital, USP 
Warning: May be habit formin: 
Inactive Ingredients: tartaric acid, NF, malic acid, NF, and cocoa butter, NF. 








Cafergot Suppositories and Cafergot P-B Suppositories are sealed in foil to afford protection from cocoa 
butter leakage. If an unavoidable period of exposure to heat softens the suppository, it should be chilled 
in ice-cold water to solidify it before removing the foil. 


ACTIONS: Ergotamine is an alpha adrenergic blocking agent with a direct stimulating effect on the smooth 
muscle of peripheral and cranial blood vessels and produces depression of central vasomotor centers. 
The compound also has the properties of serotonin antagonism. In comparison to hydrogenated ergotamine, 
the adrenergic blocking actions are less pronounced and vasoconstrictive actions are greater. 

Caffeine, also a cranial vasoconstrictor, is added to further enhance the vasoconstrictive effect without 
the necessity of increasing ergotamine dosage. 

For individuals experiencing excessive nausea and vomiting during migraine attacks the further addition 
of the anticholinergic and antiemetic alkaloids of belladonna and pentobarbital for reduction of nervous 
tension has been provided. 

Many migraine patients experience excessive nausea and vomiting during attacks, making it impossible 
for them to retain any oral medication. In such cases, therefore, the only practical means of medication 
is through the rectal route where medication may reach the cranial vessels directly, evading the splanchnic 
vasculature and the liver. 


INDICATIONS 
Cafergot 

Indicated as therapy to abort or prevent vascular headache, e.g., migraine, migraine variants, or so- 
called "histaminic cephalalgia" 
Catergot P-B 

Indicated as therapy to abort or prevent vascular headache complicated by tension and gastrointestinal 
disturbances. 


CONTRAINDICATIONS: Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic 
or renal function, sepsis and pregnancy. 
Hypersensitivity to any of the components. 


PRECAUTIONS: Although signs and symptoms of ergotism rarely develop even after long term intermittent 
use of the orally or rectally administered drugs, care should be exercised to remain within the limits of 
recommended dosage. 

Ergotism is manifested by intense arterial vasoconstriction, producing signs and symptoms of cll eld 
vascular ischemia. Ergotamine induces vasoconstriction by a direct action on vascular smooth muscle. 
In chronic intoxication with ergot derivatives, headache, intermittent claudication, muscle pains, numbness, 
coldness and pallor of the digits may occur. If the condition is allowed to progress untreated, gangrene 
can result. 

While most cases of ergotism associated with ergotamine treatment result from frank overdosage, some 
cases have involved apparent hypersensitivity. There are few reports of ergotism among patients taking 
doses within the recommended limits or for brief periods of time. In rare instances, patients, particularly 
those who have used the medication indiscriminately over long periods of time, may display withdrawal 
symptoms consisting of rebound headache upon discontinuation of the drug. 

There have been reports of drug abuse and psychological dependence in patients on Cafergot® (ergotamine 
tartrate and caffeine) therapy. Due to the chronicity of vascular headaches, it is imperative that patients 
be advised not to exceed recommended dosages with long-term use to avoid ergotism. 


ADVERSE REACTIONS: Vasoconstrictive complications, at times of a serious nature, may occur. These include 
pulselessness, weakness, muscle pains and paresthesias of the extremities and precordial distress and 
[en Although these effects occur most commonly with long-term therapy at relatively high doses, they 

ave also been reported with short-term or normal doses. Other adverse effects include transient tachycardia 


or bradycardia, nausea, vomiting, localized edema and itching. Drowsiness may occur with Cafergot® P-B. 


DOSAGE AND ADMINISTRATION 
Procedure: For the best results, dosage should start at the first sign of an attack— 


PRODROMAL PHASE| PAIN PHASE 


2 tablets at start of attack; | additional tablet 
every 4 hour, if needed for full relief. 


apes te |e 
pat | 
FTIIT 


| suppository at start of attack; second sup- 
itory after | hour, if needed for full relief. 


Early Administration Gives Maximum Effectiveness 


ORALLY 


- OR 


RECTALLY 





MAXIMUM ADULT DOSAGE 
Orally: Total dose for any one attack should not exceed 6 tablets. 
Rectally: Two suppositories is the maximum dose for an individual attack. 


Total weekly dosage should not exceed 10 tablets or 5 suppositories. 
In carefully selected patients, with due consideration of maximum dosage recommendations, administration 
of the drug at bedtime may be an appropriate short-term preventive measure. 


OVERDOSAGE: The toxic effects of an acute overdosage of Cafergot (ergotamine tartrate and caffeine: 
are due primarily to the ergotamine component. The amount of caffeine is such that its toxic effects wil 
be overshadowed by those of ergotamine, Symptoms include vomiting, numbness, tingling, pain and cyanosis 
of the extremities associated with diminished or absent peripheral pulses; Ui Seedling or hypotension; 
drowsiness, stupor, coma, convulsions and shock. A case has been reported of reversible bilateral papillitis 
with ring scotomata in a patient who received five times the recommended daily adult dose over a period 
of 14 days. 

Treatment consists of removal of the offending drug by induction of emesis, gastric lavage, and catharsis. 
Maintenance of adequate pulmonary ventilation, correction of hypotension: and control of convulsions are 
important considerations. Treatment of peripheral vasospasm should consist of warmth, but not heat, and 
protection of the ischemic limbs. Vasodilators may be used with benefit but caution must be exercised 
to avoid aggravating an already existent hypotension. 


HOW SUPPLIED A 
Cafergot Tablets: shell pink colored, sugar coated, imprinted "CAFERGOT" on one side, " " other 
side. Bottles of 250 and cartons of three SigPak® (dispensing unit) packages, each containing 30 tablets 
in individual blisters. 

Cafergot re diebus sealed in fuchsia-colored aluminum foil, imprinted 
SUPPOSITORY 78-33 SANDOZ”. Boxes of 12. 

Catergot P-B Tablets: bright green, sugar coated, imprinted "78-36" on one side, A other side. Bottles 
of 250 and cartons of three SigPak® (dispensing unit) packages, each containing 30 tablets in individual 
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“The technological advantage of the Midas 
Rex instrumentation provided the capability 
to safely perform a complex spinal osteo- 
tomy in a simplistic, gentle manner with a 
tremendous saving of time. The ability to 
remove the entire fused spine in a safe and 
efficient manner with the S-1 dissecting 
tool and S footed attachment, would not 
have been possible with other types of 
instrumentation.” — T.B., M.D. 


Midas Rex Pneumatic Tools, Inc. 
3001 Race Street ® Fort Worth, Texas 76111 
800-433-7080 * (Texas) 817-831-4181 





CLASSIFIEDS 
TARGETED TO YOU 


Every month this journal now has 
a special “Classified Advertising" 
section full of professional 
opportunities in your specialty. 

It's a highly visible marketplace of 
wide-ranging opportunities, all 


concentrated under our new, blue 
banner. You'll find it toward the 
back of this issue. 


For details on advertising call: 
National: 800-237-9851 O Florida: 800-553-8288 
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New... For Parkinson's. 
Disease patients experiencing 
dopaminergic fluctuations 


(SEL EGILINE HYDROCHLORIDE) 


* Used in conjunction with levodopa/carbidopa 
when quality of response to this therapy 
deteriorates 


e Conserves dopamine two ways: 
Inhibits the enzyme that inactivates dopamine 


May increase available dopamine at the synapse by 
inhibiting dopamine re-uptake 


* [mproves symptomatic control 
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Can... 


e Reduce "on-off" fluctuations 


* Decrease tremor and 
sialorrhea 


Reducing : 
levodopa/carbidopa 
* Improve overall disability 

as assessed by walking and 

comparison to previous state 


e Permit reduced dosage 
of levodopa/carbidopa after 
2-3 days of Eldepryl therapy 


* [n clinical trials, levodopa/car- 
bidopa dosage was decreased 
by approximately10% to 30% 


e Reduce side effects related 
to dopaminergic stimulation 


Excellent Safety Profile 


* Safe to use: side effects are 
related to dopaminergic stimula- 
tion and can be decreased by 
reducing levodopa/carbidopa 
dose by 10% to 30% 


* Does not require 
dietary restrictions at 
recommended doses 


* Selective inhibitor of MAO-B; 
free at recommended doses, 
of the "tyramine" or "cheese" 
effect 


Postulated Mechanism 


.* More than 5 years European 


jc; i ! experience. Known as 
Atem a y MAOP deprenyl in the literature 


Dopamine re-uptake at pre-synaptic 
receptor (1) may be blocked by Eldepryl 


B. Resultant net increase in dopamine pool Easy to use 


available to post-synaptic receptor 
* No titration required 


e Rx 10 mg/day 5 mg b.i.d. 


Please see brief summary of prescribing information on the next page. : (breakfast and lunch) 
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DENVILLE. NJ 07834 
BRIEF SUMMARY 
CLINICAL PHARMACOLOGY: 


The mechanisms accounting for selegiline's beneficial adjunctive action in the treatment of 
Parkinson's Disease are not fully understood. Inhibition of monoamine oxidase. type B, activity 
is generally considered to be of primary importance; in addition, there is evidence that selegiline 
may act through other mechanisms to increase dopaminergic activity. 


INDICATIONS AND USAGE: 

ELDEPRYL is indicated as an adjunct in the management of Parkinsonian patients being treated 
with levodopa/carbidopa who exhibit deterioration in the quality of their response to this therapy 
There is no evidence from controlled studies that selegiline has any beneficial effect in the 
absence of concurrent levodopa therapy. ; 

Evidence supporting this claim was obtained in randomized controlled clinical investigations 
that compared the effects of added selegiline or placebo in patients receiving levodopa/car- 
bidopa. Selegiline was significantly superior to placebo on all three principal outcome measures 
employed: change from baseline in daily levodopa/carbidopa dose, the amount of ‘off’ time, 
and patient self-rating of treatment success. Beneficial effects were also observed on other 
measures of treatment success (e.g., measures of reduced end of dose akinesia, decreased 
tremor and sialorrhea, improved speech and dressing ability and improved overall disability as 
assessed by walking and comparison to previous state) 


CONTRAINDICA’ ; 
ELDEPRYL is contraindicated in patients with a known hypersensitivity to this drug 


WARNINGS: 
Selegiline should not be used at daily doses exceeding those recommended (10 mg/day) because 
of the risks associated with non- ive inhibition of MAO. 

The selectivity of selegiline for MAO B may not be absolute even at the recommended 
daily dose of 10 mg a day and selectivity is further diminished with increasing daily doses. The 
precise dose at which selegiline becomes a non-selective inhibitor of all MAÔ is unknown, but 
may be in the range of 30 to 40 mg a day. 

Because of reports of fatal interactions, MAOIs are ordinarily contraindicated for use with 
meperidine (DEMEROL & other tradenames). This warning is often extended to other opioids 
Because the mechanism of interaction between MAOIs and meperidine is unknown, it seems 
Prudent, in general, to avoid this combination 
PRECAUTIONS: 

General 

Some patients given selegiline may experience an exacerbation of levodopa associated side 
effects, presumably due to the increased amounts of dopamine reacting with super-sensitive 
post-synaptic receptors, These effects may often be mitigated by reducing the dose of levodopa/ 
carbidopa by approximately 10 to 30% 

The decision to prescribe selegiline should take into consideration that the MAO system 
of enzymes is complex and incompletely understood and there is only a limited amount of 
carefully documented clinical experience with selegiline. Consequently, the full spectrum of 
possible responses to selegiline may not have been observed in pre-marketing evaluation of 
the drug. It is advisable, therefore, to observe patients closely for atypical responses 


Information for Patients 
Patients should be advised of the possible need to reduce levodopa dosage after the initiation 
of ELDEPRYL therapy. 

Patients (or their families if the patient is incompetent) should be advised not to exceed 
the daily recommended dose of 10 mg. The risk of using higher daily doses of selegiline should 
be explained, and a brief description of the ‘cheese reaction’ provided, While hypertensive 
reactions with selegiline have not been reported, documented experience is limited. Con- 
sequently, it may be useful to inform patients (or their families) about the signs and symptoms 
associated with MAOI induced hypertensive reactions. In particular, patients should be urged 
to report, immediately, any severe headache or other atypical or unusual symptoms not previously 
experienced 


Laboratory Tests 
No specific laboratory tests are deemed essential for the management of patients on ELDEPRYL 
Periodic routine evaluation of all patients, however, is appropriate 


Drug Interactions 

No interactions attributed to the combined use of selegiline and other drugs have been reported 
However, because the database of documented clinical experience is limited, the level of 
reassurance provided by this lack of adverse reporting is uncertain (See WARNINGS and 
PRECAUTIONS.) 


Carcinogenesis, Mutagenesis, and Impairment of Fertility 

Studies have not been performed to date to evaluate the carcinogenic potential of selegiline 
hydrochloride 

Pregnancy 

Pregnancy category C. Insufficient animal reproduction studies have been done with selegiline 
to conclude that solegilino poses no teratogenic risk. However, one rat study carried out at 
doses as much as 180 fold the recommended human dose revealed no evidence of a teratogenic 
effect. It is not known whether selegiline can cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Selegiline should be given to a pregnant woman 
only if clearly needed 


Nursing Mothers 

It is not known whether selegiline hydrochloride is excreted in human milk. Because many 
drugs are excreted in human milk, consideration should be given to discontinuing the use of 
all but absolutely essential drug treatments in nursing women 


Pediatric Use 
The effects of selegiline hydrochloride in children have not been evaluated 


ADVERSE REACTIONS: 
Introduction 
The number of patients who received selegiline in prospectively monitored pre-marketing studies 
is limited. While other sources of information about the use of selegiline are available (e.g. 
literature reports, foreign post-marketing reports, etc.) they do not provide the kind of information 
necessary to estimate the incidence of adverse events. Thus, overall incidence figures for 
adverse reactions associated with the use of selegiline cannot be provided. Many of the adverse 
reactions seen have been also reported as symptoms of dopamine excess 

Moreover, the importance and severity of various reactions reported often cannot be ascer- 
tained. One index of relative importance, however, is whether or not a reaction caused treatment 
discontinuation. In prospective pre-marketing studies, the following events led, in decreasing 
order of frequency, to discontinuation of treatment with selegiline: nausea, hallucinations, con- 
fusion, depression, loss of balance, insomnia, orthostatic hypotension, increased akinetic in- 
voluntary movements, agitation, arrhythmia, bradykinesia, chorea, delusions, hypertension, new 
or increased angina pectoris and syncope. Events reported only once as a cause of discontinu- 
ation are ankle edema, anxiety, burning lips/mouth, constipation, drowsiness/lethargy, dystonia, 
excess perspiration, increased freezing, gastrointestinal bleeding, hair loss, increased tremor, 
nervousness, weakness and weightloss 

Experience with ELDEPRYL obtained in parallel, placebo controlled, randomized studies 
provides only a limited basis for estimates of adverse reaction rates. The following reactions 
that occurred with greater frequency among the 49 patients assigned to selegiline as compared 
to the 50 patients assigned to placebo in the only parallel, placebo controlled trial performed 
in patients with Parkinson's Disease are shown in the following Table. None of these adverse 
reactions led to a discontinuation of treatment 


INCIDENCE OF TREATMENT-EMERGENT ADVERSE EXPERIENCES IN 
THE PLACEBO-CONTROLLED CLINICAL TRIAL 
Number of Patients Reporting Events 


selegiline placebo 
hydrochloride 
Adverse Event N=49 
Nausea 10 
Dizziness/Lightheaded/Fainting 
Abdominal Pain 
Confusion 
Hallucinations 
Dry mouth 
Vivid Dreams 
Dyskinesias 
Headache 
The following events were reported once in either or both groups: 
Ache, generalized 
Anxiety/Tension 
Anemia 
Diarrhea 
HairLoss 
Insomnia 
Lethargy 
Leg pain 
Low back pain 
Malaise 
Palpitations 
Urinary Retention 
Weight Loss 
In all prospectively monitored clinical investigations, enrolling approximately 920 patients, 
the following adverse events, classified by body system, were reported 


CENTRAL NERVOUS SYSTEM: 
Motor/Coordination/Extrapyramidal: increased tremor, chorea, loss of balance, restlessness 
blephorospasm, increased bradykinesia, facial grimace, falling down, heavy leg, muscle twitch’ 
myoclonic jerks’, stiff neck, tardive dyskinesia, dystonic symptoms, dyskinesia, involuntary 
movements, freezing, festination, increased apraxia, muscle cramps 

Mental Status/Behavioral/Psychiatric: hallucinations, dizziness, contusion, anxiety, depres- 
sion, drowsiness, behavior/mood change, dreams/nightmares, tiredness, delusions, disorienta- 
tion, lightheadedness, impaired memory’, increased energy’. transient high’. hollow feeling 
lethargy/malaise, apathy, overstimulation, vertigo, personality change. sleep disturbance. re- 
stlessness, weakness, transient irritability ‘ 

Pain/Altered Sensation: headache, back pain, leg pain, tinnitus, migraine, supraorbital pain, 
throat burning, generalized ache, chills, numbness of toes/fingers, taste disturbance 


AUTONOMIC NERVOUS SYSTEM: 


dry mouth, blurred vision, sexual dysfunction 


CARDIOVASCULAR: 
orthostatic hypotension, hypertension, arrhythmia, palpitations, new or increased angina pec- 
toris, hypotension, tachycardia, peripheral edema, sinus bradycardia, syncope 


GASTROINTESTINAL: 
nausea/vomiting, constipation, weight loss, anorexia, poor appetite, dysphagia, diarrhea, 
heartburn, rectal bleeding, bruxism* 


GENITOURINARY/GYNECOLOGIC/ENDOCRINE: 
slow urination, transient anorgasmia*, nocturia, prostatic hypertrophy, urinary hesitancy, urinary 
retention, decreased penile sensation’, urinary frequency 


SKIN AND APPENDAGES: 
increased sweating, diaphoresis, facial hair, hair loss, hematoma, rash photosensitivity 


MISCELLANEOUS: 
asthma, diplopia, shortness of breath, speech affected 
"indicates events reported only at doses greater than 10 mg/day 


OVERDOSAGE: 
Selegiline 
No specific information is available about clinically Significant overdoses with ELDEPRYL. How- 
ever, experience gained during selegiline's development reveals that some individuals exposed 
to doses of 600 mg d | selegiline suffered severe hypotension and psychomotor agitation 
Since the selective inhibition of MAO B by selegiline hydrochloride is achieved only at 
doses in the range recommended for the treatment of Parkinson's Disease (e g. 10 mg/day) 
overdoses are likely to cause significant inhibition of both MAO A and MAO B Consequently, 
the signs and symptoms of overdose may resemble those observed with marketed non-selective 
MAO inhibitors [e.g , tranylcypromine (PARNATE), isocarboxazide (MARPLAN), and phenelzene 
(NARDIL)] 


Overdose with Non-Selective MAO Inhibition 
NOTE This section is provided for reference, it does not describe events that have actually 
been observed with selegiline in overdose 

Characteristically, signs and symptoms of non-selective MAO! overdose may not appear 
immediately Delays of up to 12 hours between ingestion of drug and the appearance of signs 
may occur Importantly, the peak intensity of the syndrome may not be reached for upwards of 
a day following the overdose Death has been reported following overdosage Therefore, m- 
mediate hospitalization, with continuous patient observation and monitoring for a period of at 
least two days following the ingestion of such drugs in overdose is strongly recommended 

The Clinical picture of MAOI overdose varies considerably, its severity may be a function 
of the amount of drug consumed. The central nervous and cardiovascular systems are promi- 
nently involved 

Signs and symptoms of overdosage may include, alone or in combination, any of the 
following: drowsiness, dizziness, faintness, irritability, hyperactivity, agitation, severe headache 
hallucinations, trismus, opisthotonus, convulsions, and coma; rapid and irregular pulse, hyper- 
tension, hypotension and vascular collapse; precordial pain respiratory depression and failure 
hyperpyrexia, diaphoresis, and cool, clammy skin 
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Treatment Suggestions for Overdose 
NOTE Because there is no recorded experience with selegiline overdose, the following sugges- 
tions are offered based upon the assumption that selegiline overdose may be modeled by 
non-selective MAOI poisoning. In any case, up-to-date information about the treatment of over- 
dose can often be obtained from a certified Regional Poison Control Center. Telephone numbers 
of certified Poison Control Centers are listed in the Physician's Desk Reference (PDR). 

Treatment of overdose with non-selective MAOIs is symptomatic and supportive Induction 
of emesis or gastric lavage with instillation of charcoal siurry may be helpful in early poisoning, 
provided the airway has been protected against aspiration. Signs and symptoms of central 
nervous system stimulation, including convulsions, should be treated with diazepam, given 
slowly intravenously Phenothiazine derivatives and central nervous system stimulants should 
be avoided. Hypotension and vascular collapse should be treated with intravenous fluids and. 
if necessary, blood pressure titration with an intravenous infusion of a dilute pressor agent It 
should be noted that adrenergic agents may produce a markedly increased pressor response 

Respiration should be supported by appropriate measures, including management of the 
airway use of supplemental oxygen, and mechanical ventilatory assistance, as required 

Body temperature should be monitored closely Intensive management of hyperpyrexia 
may be required. Maintenance of fluid and electrolyte balance is essential 


DOSAGE AND ADMINISTRATION: 
ELDEPRYL is intended for administration to Parkinsonian patients receiving levodopa/carbidopa 
therapy who demonstrate a deteriorating response to this treatment. The recommended regimen 
for the administration of ELDEPRYL is 10 mg per day administered as divided doses of 5 mg 
each taken at breakfast and lunch. There is no evidence that additional benefit will be obtained 
from the administration of higher doses. Moreover, higher doses should ordinarily be avoided 
because of the increased risk of side effects 

After two to three days of selegiline treatment, an attempt may be made to reduce the 
dose of levodopa/carbidopa. A reduction of 10 to 3096 was achieved with the typical participant 
in the domestic placebo controlled trials who was assigned to selegiline treatment. Further 
reductions of levodopa/carbidopa may be possible during continued selegiline therapy. 


Perineural Spread of Cutaneous Head and Neck Cancer 


Its Orbital and Central Neurologie Complications 


Paul D. Clouston, MBBS; David M. Sharpe, MBBS, MRCP; Alastair J. Corbett, MD, FRACP; 


Susan Kos, MBBS, FRACR; Peter J. Kennedy, MBBS, MDS, FRACS 


* The ability of cutaneous squamous 
cell carcinoma of the face to cause oph- 
thalmoplegia or central nervous system 
dysfunction via perineural spread is not 
well recognized. Five patients presenting 
to a general neurology unit are described 
in whom partial or complete ophthalmople- 
gia developed following fifth and seventh 
cranial nerve involvement by cutaneous 
squamous cell carcinoma. Two patients 
subsequently developed a contralateral 
hemiparesis; and one, multiple cranial 
nerve palsies as the tumor spread cen- 
trally. Normal radiologic findings or com- 
plete healing of the primary skin lesion 
caused delay in the diagnosis in three of 
the patients. When ophthalmoplegia or 
central nervous system dysfunction devel- 
ops as a consequence of perineural 
spread of cutaneous facial cancer, man- 
agement is palliative. 

(Arch Neurol. 1990;47:73-77) 


Cranial neuropathy caused by per- 

ineural spread of tumor is a recog- 
nized complication of head and neck 
cancer. Most of the patients described 
with this complication have had pri- 
mary tumors of the tongue, pharynx, 
and larynx.'^ Cutaneous malignancy, 
notably squamous cell and less com- 
monly basal cell carcinoma of the face, 
may also spread perineurally.'?5 Per- 
ineural spread is a portal of entry for 
cutaneous head and neck cancer to the 
central nervous system and represents 
an increasing cause of indolent cranial 
nerve palsy in climatic areas where 
skin cancer is prevalent. The natural 
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history of this mode of spread has been 
outlined infrequently. The five pa- 
tients described presented to a general 
neurology unit with orbital or more 
widespread central nervous system 
signs following trigeminal and facial 
nerve involvement by  perineural 
spread of cutaneous squamous cell car- 
cinoma. 


REPORT OF CASES 


Case 1.—A 73-year-old man was hospi- 
talized in December 1987 with a history of 
right periorbital pain for 3 months and 
diplopia for 1 month. In 1984 a cutaneous 
lesion overlying the right malar bone had 
been treated with cryotherapy. Because of 
local recurrence, in March 1987 the patient 
underwent surgical resection of the lesion, 
and a wide excision and flap repair was 
performed. Histologic examination of the 
resected specimen showed moderately well- 
differentiated squamous cell carcinoma 
that appeared clear of the line of excision. 
The patient's wound healed well.In October 
1987 the patient complained of pain over the 
right cheek. A cerebral computed tomo- 
graphie (CT) sean was normal. The pain 
persisted, and in December 1987 the patient 
developed horizontal diplopia. On examina- 
tion the patient had minor right exophthal- 
mos and a right sixth cranial nerve palsy. 
Visual acuity was 6/9 bilaterally. Visual 
fields, pupillary reaction, and findings of 
funduscopy were normal. Sensation was di- 
minished to all modalities over the oph- 
thalmic and maxillary divisions of the 
trigeminal nerve, including absence of the 
corneal reflex on the right side. There was 
no motor or sensory involvement of the 
mandibular division of the trigeminal 
nerve. There was minor weakness of the 
right orbicularis oculi and right frontalis. A 
CT scan of both orbits (Fig 1) showed a 1- 
cm-diameter soft-tissue mass within the 
inferior margin of the right orbit extending 
to the apex and eroding the floor of the or- 
bit, as well as extending posteriorly to the 
pterygopalatine fossa. The patient was 
treated with radiotherapy and a course of 
chemotherapy. A right tarsorrhaphy was 
performed. At the 9-month follow-up, the 
patient’s ophthalmoplegia and orbital pain 
had resolved; however, he had sustained 
significant radiation damage to his right 
eye, with visual acuity reduced to 6/60. 


CASE 2.—A 71-year-old man was hospi- 
talized in October 1988 because of deterio- 
rating vision in his right eye over a 3-week 
period. In March 1988 a cutaneous 
squamous cell carcinoma had been excised 
from beneath his right eye. Histopathologic 
examination demonstrated perineural in- 
vasion by moderately differentiated 
squamous cell carcinoma to the deep line of 
excision, and a further wide excision was 
undertaken. In July 1988 a right tarsorrha- 
phy was performed because of weakness of 
right eye closure. In October 1988 visual 
acuity in the right eye was reduced to light 
perception only. There was a right afferent 
pupillary defect and right optic disc pallor. 
An incomplete right sixth nerve palsy was 
present. Sensory examination demon- 
strated impaired sensation to all modalities 
over the maxillary division of the trigemi- 
nal nerve and reduced right corneal sensa- 
tion. There was weakness of the elevators of 
the angle of the mouth and, to a lesser ex- 
tent, of the orbicularis oculi and orbicularis 
oris on the right side. A CT scan of the or- 
bits and maxillary sinuses (Figs 2 and 3) 
showed a thickened right infraorbital nerve 
and a contrast-enhancing mass eroding the 
posterolateral wall of the right maxillary 
antrum and extending both posteriorly and 
superiorly to involve both the pterygopala- 
tinefossa and the superior orbital fissure on 
the right side. The patient was given a 
course of radiotherapy to the right orbit; 
however, he died 2 months after admission. 

Case 3.—In October 1987, a 69-year-old 
man was hospitalized for investigation of 
multiple cranial nerve palsies. Over the 
previous 10 years multiple squamous cell 
carcinomas had been removed from his 
face, including several around the left orbit. 
In February 1985 he first presented to a 
neurologist with a 6-month history of pro- 
gressive left facial numbness and left facial 
droop. Skull roentgenograms and a CT scan 
of the brain and skull base were normal. No 
diagnosis was established, and the patient 
was reviewed periodically. Because of ex- 
posure keratitis, he underwent a left tar- 
sorrhaphy, resulting in complete closure of 
the left eye. He refused hospital admission 
for further investigation until October 
1987, when examination of the left eye be- 
neath the tarsorrhaphy revealed it to be 
blind and completely ophthalmoplegic. Be- 
cause of the tarsorrhaphy, an adequate 
view of the left fundus was not Questo 
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Fig 1.—Case 1. Contrast-enhanced com- 
puted tomogram, December 1987. Axial slice 
through orbits. Tumor can be seen involving the 
floor of the right orbit (arrow). 


Neurologic examination on admission to 
hospital demonstrated left second through 
seventh and ninth cranial nerve palsies. 
Sensation was absent to all modalities in 
the distribution of all three divisions of the 
left trigeminal nerve, and there was in- 
volvement of the motor division of the 
mandibular nerve, with wasting of the tem- 
poralis and masseter and weakness of the 
left pterygoid muscle. There was complete 
left lower motor neuron facial palsy. Pala- 
tal sensation was absent on the left. Results 
of the rest of the nervous system examina- 
tion were normal. There was a firm cutane- 
ous swelling 3 cm in diameter in the middle 
of the patient’s forehead. Findings of ra- 
diologic studies including skull roentgeno- 
grams, a second CT scan of the brain, base 
of skull, and orbits, and a magnetic reso- 
nance imaging scan of the brain were nor- 
mal. The patient's hearing was normal, and 
there was no evidence of malignancy in the 
postnasal space. A bone scan demonstrated 
increased uptake at the left skull base. 
Lumbar puncture revealed a mildly ele- 
vated level of cerebrospinal fluid (CSF) 
protein (0.60 g/L); the glucose level and cell 
count were normal. No malignant cells were 
seen on CSF cytologic examination. The 
CSF culture was negative for acid-fast ba- 
cilli and fungi. A biopsy specimen from the 
left forehead swelling showed moderately 
differentiated squamous cell carcinoma, in- 
volving the dermis and hypodermis but 
sparing the epidermis. 

A diagnosis of perineural infiltration of 
cranial nerves was suspected but not con- 
firmed until 5 months later, when the pa- 
tient developed new right seventh, ninth, 
and tenth and left tenth, eleventh, and 
twelfth nerve palsies. Because of severe 
dysphagia, a feeding gastrostomy was re- 
quired, and during the procedure a left fa- 
cial nerve biopsy specimen was obtained. At 
operation the left seventh nerve was irreg- 
ular and thickened. The surrounding tissue 
appeared normal. Histologic examination 
(Fig 4) demonstrated perineural infiltra- 
tion by squamous cell carcinoma. Because 
of the patient’s debilitated condition, no 
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Fig 2.—Case 2. Contrast-enhanced com- 
puted tomogram, October 1988. Axial slice 
through maxillary sinuses. Tumor can be seen 
in the right infraorbital canal (arrow) as well as 
in the pterygopalatine fossa (arrowhead). 





Fig 3.—Case 2. Higher slice through orbital 
apex. Neoplasm is causing bone erosion and 
widening of the superior orbital fissure (arrow). 
The tumor extends toward the cavernous si- 
nus. 





Fig 4.—Case 3. Histologic section of left facial nerve (hematoxylin-eosin, X614). Foci of tumor 
cells (arrows) can be seen around nerve fibers. 


palliative treatment of the tumor was at- 
tempted, and the patient was discharged to 
a hospice. 

Case 4.—A 67-year-old man had had nu- 
merous squamous and basal cell carcino- 
mas removed from his face over the pre- 
ceding 20 years. He first presented to a neu- 
rologist with horizontal diplopia in August 
1985. In May 1984 he had undergone what 
was thought to be complete excision of an 
ulcerating poorly differentiated squamous 
cell carcinoma in the region of the left na- 
sal alar. Twelve months later he developed 
pain and numbness beneath the left orbit 
and, subsequently, persisting corneal ulcer- 
ation, for which a tarsorrhaphy was per- 
formed. Neurologic examination in August 
1985 demonstrated a left sixth nerve palsy, 
left seventh nerve palsy, and loss of sensa- 
tion to all modalities in the distribution of 
all three divisions of the left fifth nerve. The 


left cornea was anesthetic and ulcerated. A 
CT scan of the orbits and skull base sug- 
gested a possible enhancing lesion involv- 
ing the left lateral rectus and was thought 
to represent tumor spread. Enucleation of 
the left eye was performed because of re- 
current left corneal infection, and biopsy 
specimens of the left inferior orbit were 
obtained. However, on histologic examina- 
tion both the globe and biopsy specimens 
were free of tumor. 

In March 1986 the patient underwent a 
further review of his left nasal lesion be- 
cause of tumor recurrence. A wide excision 
with removal of the left nasal alar and skin 
flap repair was performed. Histologic ex- 
amination revealed poorly differentiated 
squamous cell carcinoma extending to the 
deep line of excision. A CT scan of orbits 
and base of skull (Figs 5 and 6) showed a 
thickened left infraorbital nerve with evi- 
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Fig 5.—Case 4. Contrast computed tomo- 
gram, March 1986. Axial slice at level of max- 
illary sinuses. A soft-tissue mass can be seen 
eroding bone in the left infraorbital foramen 
(arrow). 


dence of perineural spread of tumor to the 
pterygopalatine fossa. The patient was sub- 
sequently given a course of chemotherapy 
with cisplatin and fluorouracil. 

The patient remained stable until May 
1988, when he developed a right hemipare- 
sis over a 4-week period. Neurologic exam- 
ination demonstrated grade 4+/5 right- 
sided weakness in a pyramidal distribution, 
right-sided hyperreflexia, and a right up- 
going plantar response. A cerebral CT scan 
(Fig 7) showed a contrast-enhancing mass 
at the apex of the left petrous temporal 
bone extending into the pons and left tem- 
poral lobe. It appeared continuous with a 
soft-tissue mass in the infratemporal fossa 
through an area of bony erosion within the 
floor of the middle cranial fossa. Anteriorly 
the mass extended to the optic foramen. The 
patient was given a course of palliative ra- 
diotherapy and remained stable at the 6- 
month follow-up. 

CasE 5.—A 68-year-old man was hospi- 
talized in March 1988 for investigation of 
multiple right-sided cranial nerve palsies. 
His history was remarkable for the removal 
of numerous skin cancers from sun-exposed 
areas of the trunk, upper limbs, and face. 
Since 1983 he had received several treat- 
ments with liquid nitrogen for a recurrent 
lesion on the right side of his nose. In March 
1986 he had presented to an ear, nose, and 
throat surgeon with a 4-month history of 
numbness beneath the right eye. Sensory 
loss to all modalities was noted in the dis- 
tribution of the right infraorbital and right 
anterosuperior alveolar nerves. Other 
branches of the right maxillary nerve were 
spared. Findings of investigations includ- 
ing a complete blood cell count, serum glu- 
cose determinations, skull roentgenogra- 
phy, and CT scan of sinuses and skull base 
were normal, and the patient was reviewed 
periodically. By June 1986 his sensory loss 
had spread to involve the entire first and 
second divisions of the trigeminal nerve, 
and he complained of intermittent right 
upper facial pain. Over the following 12 
months, his cranial neuropathies continued 
to progress, and he was referred to a neu- 
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Fig 6.— Case 4. Higher axial slice. Contrast- 
enhancing mass in pterygopalatine fossa 
(arrow) with obliteration of pterygopalatine fat 
pad. 


rologist in May 1987. He was noted to have 
developed additional involvement of both 
sensory and motor divisions of the mandib- 
ular nerve, a right sixth nerve palsy, and a 
complete right seventh nerve palsy. Find- 
ings of subsequent radiologic studies were 
normal. A vertebral angiogram demon- 
strated a markedly ectatic vertebrobasilar 
system, and this ectasia was presumed to 
account for the patient’s cranial nerve pal- 
sies. Because of persisting corneal ulcer- 
ation and poor right eye closure, a right 
tarsorrhaphy was performed. 

The patient was admitted in March 1988 
for further investigation. An ulcerated 3- 
em lesion was present on the right side of 
the patient's nose. Examination demon- 
strated a right ptosis, mild right eyelid and 
conjunctival edema, and a complete right 
ophthalmoplegia (Figs 8 and 9). Vision was 
preserved at 6/9 bilaterally, and examina- 
tion of visual fields and fundi revealed no 
abnormality. The right pupil was dilated 
and unreactive. In addition, there were 
complete right fifth and seventh cranial 
nerve palsies. Results of the rest of the 
neurologic examination were normal. Find- 
ings of an examination of the nasopharynx 
by another ear, nose, and throat surgeon 
were unremarkable. The CT scans of the 
orbits, sinuses, base of skull, and brain were 
normal. A lumbar puncture demonstrated 
slight elevation of the CSF protein level 
(0.55 g/L [normal, 0.15 to 0.45 g/L]); the CSF 
glucose level and the cell count were nor- 
mal. No malignant cells were seen on CSF 
cytologic examination, and cultures were 
negative for fungi, acid-fast bacilli, and 
bacteria. The right nasal lesion was excised, 
and histologic examination demonstrated 
moderately differentiated squamous cell 
carcinoma to the deep line of excision infil- 
trating nasal cartilage. A biopsy specimen 
of the right infraorbital nerve showed fi- 
brosis of nerve bundles and a perineural 
cellular infiltrate on several sections. Un- 
fortunately, because of severe crush arti- 
fact, the nature of the infiltrate could not be 
determined, although perineural infiltra- 
tion by malignant cells was suspected. 
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Fig 7.—Case 4. Contrast-enhanced com- 
puted tomogram, May 1988. Tumor now sur- 
rounds the apex of the left petrous temporal 
bone involving the pons (arrow) and the left 
medial temporal lobe (arrowhead). 





Fig 8.—Case 5. Neutral gaze. There is com- 
plete right ptosis. The right eyelid is edema- 
tous. The right temporalis is wasted. A com- 
plete right lower motor neuron facial palsy is 
present. An ulcerating skin lesion can be seen 
on the right side of the patient's nose. 


In December 1988 the patient was hospi- 
talized with a left hemiparesis that had de- 
veloped over several days. A CT scan of the 
Skull base and brain now showed an exten- 
sive right-sided abnormal soft-tissue mass 
involving the infratemporal fossa, right 
maxilla, orbital apex, pterygopalatine fos- 
sa, brain stem, and right temporal lobe (Fig 
10). Biopsy of the mass in the right maxil- 
lary sinus demonstrated moderately differ- 
entiated squamous cell carcinoma. The pa- 
tient's lesion was judged too extensive for 
radiotherapy. A course of palliative chemo- 
therapy was administered; however, the 
patient died 2 months after admission. 
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See oe, ii 


Fig9.—Case 5. Left gaze (top left); right gaze (top right); up gaze (bottom left); down gaze (bottom 


right). There is complete ophthalmoplegia of the right eye. The right pupil is dilated. A right tar- 


sorrhaphy has been performed. 


COMMENT 


Understanding of the propensity for 
head and neck cancer to spread per- 
ineurally remains poor. In a series of 
807 patients with metastasis from su- 
perficial squamous cell carcinoma of 
the head and neck, the incidence of 
perineural spread was reported as 
2.5% . Other series have been reported 
from tertiary referral centers, where 
there has been a bias toward late and 
more complicated presentation. 
Cottel’ reported an incidence of 4.2% 
in his dermato-oncologic practice, and 
Goepfert et al’ noted an incidence of 
1476 in a series of 967 separate 
squamous cell carcinomas of the head 
and neck at a large oncology center. In 
the series of Goepfert and colleagues, 
there was a higher incidence of spindle 
cell variant and atypical squamous cell 
carcinomas in patients with perineu- 
ral spread. To our knowledge, there 
have been no other studies that have 
investigated the relationship between 
histologic differentiation of the pri- 
mary cutaneous tumor and its ability 
to spread perineurally. No such rela- 
tionship has been found for mucosal 
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tumors of the head and neck.* Perineu- 
ral spread is a significant prognostic 
factor for decreased survival in pa- 
tients with any form of head and neck 
cancer.*^ 

The histopathologic features of per- 
ineural spread have been outlined by 
Carter et al? The tumor cells invade 
the perineural space and spread axi- 
ally. Pathologic spread of tumor up to 
14 em proximally from the primary 
site and, occasionally, retrograde 
spread have been recorded.'? Degener- 
ative changes may be seen in the in- 
volved nerve as well as in areas of seg- 
mental infarction thought to be re- 
lated to hypoxic ischemic damage from 
interference to the blood supply of the 
nerve by tumor cells. The anatomy of 
perineural spread is important in un- 
derstanding its clinical progression. 
Initial symptoms occur in the periph- 
eral distribution of the involved nerve. 
Pain that may be burning or shooting 
is accompanied by numbness.?" Facial 
weakness may be confined to muscles 
innervated by various individual 
branches of the seventh nerve." Occa- 
sionally a history of pain may initially 


Fig 10.—Case 5. Contrast-enhanced com- 
puted tomogram, December 1988. Axial slice 
through orbits. A soft-tissue mass surrounds 
the apex of the right petrous temporal bone 
extending into adjacent brain. The tumor also 
involves the right sphenoid and cavernous si- 
nuses as well as the right superior orbital fis- 
sure. 


be absent, as illustrated by patients 3 
and 5. Morris and Joffe" have demon- 
strated that the clinical pattern of 
spread is of a lesion beginning in su- 
perficial branches of trigeminal or fa- 
cial nerves involving branches of those 
nerves sequentially. Because trigemi- 
nal and facial nerve branches bear a 
close relationship to each other in the 
skin, both nerves are commonly 
involved.!?01059107» Oecult cranial nerve 
dysfunction may occur up to several 
years following skin tumor removal, 
even though the primary site is well 
healed.” 

The course of perineural spread fol- 
lowing fifth and seventh nerve involve- 
ment has been described infrequently. 
In the case of tumors arising in the 
distribution of the ophthalmic or max- 
illary divisions of the fifth cranial 
nerve, orbital nerves are often the next 
to be affected. Ballantyne et al,' in a 
series of 80 patients with perineural 
spread of head and neck cancer, noted 
27 with skin as the site of origin. Two 
of these patients had ophthalmoplegia. 
Goepfert et al; in a series of 72 pa- 
tients with perineural involvement 
from cutaneous head and neck cancer, 
noted 3 patients with third nerve in- 
volvement and a single patient with 
optic nerve involvement after initial 
fifth and seventh nerve palsies. In 
these cases details of clinical progres- 
sion and presumed method of spread 
are lacking. Our cases provide further 
insight into the behavior of squamous 
cell carcinomas undergoing perineural 
spread as they affect the orbital con- 
tents and central nervous system. The 
site of entry to the orbit in patients 2, 
4,and 5 was via the infraorbital branch 
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of the maxillary nerve." In these three 
patients the primary tumor lay in the 
cutaneous distribution of this nerve, 
and they subsequently developed pain 
or numbness in this same area. In ad- 
dition, in patients 2 and 4 the nerve 
appeared thickened on CT scan. In pa- 
tient 1 the infraorbital and zygomati- 
cofacial branches of the right maxil- 
lary nerve seem the most likely points 
of entry to the orbit. Zygomaticofacial 
nerve infiltration would explain the 
preferential involvement of orbicu- 
laris oculi and frontalis due to perineu- 
ral spread from the right zygomatico- 
facial nerve to affect the zygomatic 
and temporal branches of the facial 
nerve, which supply these two mus- 
cles.!200105»179 Tn patient 3, because of 
several possible healed primary sites 
around the orbit, the original site of 
the perineural spread was uncertain; 
however, the clinical course with ini- 
tial fifth and seventh nerve involve- 
ment followed by ophthalmoplegia, as 
well as positive findings of nerve bi- 
opsy, was enough to allow diagnosis. 
Perineural spread can also obtain ac- 
cess to the orbit via the nasociliary and 
supraorbital nerves.'^? All of our pa- 
tients had initial fifth and seventh 
nerve involvement, often with only 
partial facial paresis, indicating that 
different branches of the facial nerve 
may have been involved to a greater 
extent than others as the tumor spread 
along the perineural space. 

As illustrated, the tumor may break 
out of the perineurium and form a 
mass lesion along the course of the 
fifth nerve some distance from the pri- 
mary site. In patients 1, 2, and 4 and 
eventually in patient 5, tumor spread 
to the pterygopalatine fossa and adja- 
cent structures was shown on CT scan. 
Curtin et al^ have outlined how spread 
along the infraorbital nerve to the 
pterygopalatine fossa allows access of 
tumor to the inferior fissure and or- 
bital apex, the infratemporal fossa, 
and eventually the middle cranial 
fossa via the foramen rotundum. Pre- 
sumably, patients 1, 2, 4, and 5 devel- 
oped ophthalmoplegia from orbital 
spread via this route. A lateral rectus 
palsy was a presenting feature of ocu- 
lar involvement by tumor in these four 
patients. Of all the cranial nerves en- 
tering the superior orbital fissure, the 
sixth nerve lies most inferolaterally, 
immediately superior and medial to 
the origin of the lateral rectus.'*?!!*» 
Direct upward extension of tumor 
from the pterygopalatine fossa to the 
orbital apex via the inferior orbital 
fissure would initially involve both the 
origin of the lateral rectus and the 
sixth nerve and would account for 
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early lateral rectus palsy in patients 1, 
2, 4, and 5. Alternatively, in patient 1, 
tumor may have spread upward from 
the zygomatic branch of the maxillary 
nerve as it passes through the inferior 
orbital fissure.!3»r105197? Patients 1, 2, 4, 
and5 also demonstrated characteristic 
radiologic features of  perineural 
spread, including enlargement of skull 
foramina due to nerve enlargement, 
loss of the fat pad in the pterygopala- 
tine fossa, bony erosion, and demon- 
stration of a mass lesion along the 
course of the nerve." In case 5, the de- 
velopment of a radiologically demon- 
strable lesion took several years. Ra- 
diologic studies may remain unhelpful. 
Despite multiple cranial nerve lesions 
in patient 3, the diagnosis was only 
confirmed by nerve biopsy. Presum- 
ably, our patients' tumors were able to 
cause progressive ophthalmoplegia 
andfurther cranial neuropathy by cen- 
tral spread from nerve to nerve in the 
orbital apex or cavernous sinus and 
from there along the meninges. Once 
the tumor entered the intracranial 
cavity, both meningeal and direct 
spread along the trigeminal nerve into 
the brain stem led to rapid clinical 
deterioration.!?!! 

In cases 1, 2, and 4, the presence of a 
retro-orbital mass lesion in patients 
with well-documented previous 
squamous cell skin carcinoma, as well 
as clinical and radiologic evidence of 
perineural spread, was considered suf- 
ficient to begin palliative radiother- 
apy. When no radiologic abnormalities 
are noted and perineural spread is 
suspected, to aid in diagnosis a biopsy 
may be performed on the peripheral 
branch of the fifth nerve or, in the 
presence of a complete facial palsy, on 
the seventh nerve. In our patients, 
spread was too extensive to consider 
palliative surgery. The benefits of ra- 
diotherapy in these circumstances are 
unproved, particularly as the disease 
has a slow natural course, often over 
years. In addition, a large field is 
required, with proximity to eye and 
brain necessitating modification of ra- 
diation dose. The blood supply to per- 
ineural malignant cells may be poor, 
and if the cells are hypoxic, their sen- 
sitivity to radiotherapy may be re- 
duced. For similar reasons, cytotoxic 
drugs are unlikely to be very 
effective./^/* The optimal management 
of perineural spread is probably radi- 
eal surgery in those patients in whom 
early diagnosis can be made. This 
should include tracing the nerve back 
to areas free of tumor and may be fol- 
lowed by postoperative radiotherapy." 

Perineural spread of cutaneous head 
and neck cancer is an insidious cause of 


progressive ophthalmoplegia and in- 
tracranial neurologic dysfunction with 
poor prognosis. Following excision of 
any facial carcinoma, on histologic ex- 
amination close attention should be 
paid to neural tissue as well as to the 
lines of excision for evidence of tumor 
spread. In addition, regular clinical 
observation may detect early symp- 
toms of perineural infiltration and 
help prevent the serious neurologic 
complications that have been de- 
scribed. 
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Selective Calf Weakness Suggests 
Intraspinal Pathology, Not Peripheral Neuropathy 


Pierre R. Bourque, MD, Peter James Dyck, MD 


€ Four patients, referred as having pe- 
ripheral neuropathy, were noted to be able 
to walk on their heels but not on their toes. 
In each, intraspinal disease was found: 
ependymoma of the filum terminale, spinal 
muscular atrophy, spinal stenosis, and 
meningeal carcinomatosis. By compari- 
son, in 86 cases of hereditary motor and 
sensory neuropathy type 1, ankle plantar 
flexors were never weaker than ankle dor- 
siflexors. Patients with greater weakness 
in plantar flexors than in dorsiflexors 
should be suspected of having intraspinal 
disease rather than peripheral neuropa- 
thy. Physiologic and biomechanical fac- 
tors may explain why muscles innervated 
by the peroneal nerve are weaker, or 
graded weaker, in peripheral neuropathy. 

(Arch Neurol. 1990;47:79-80) 


I^ peripheral neuropathy, weakness 

of anterolateral leg muscles usually 
precedes, and is more severe than, 
weakness of calf muscles. In such pa- 
tients, footdrop may develop and they 
may be unable to walk on their heels, 
while still being able to walk on their 
toes. 

We describe four patients who were 
referred for evaluation of peripheral 
neuropathy and presented with the 
opposite pattern of leg weakness. In all 
of these, an intraspinal lesion was 
found. For purposes of comparison, we 
also assessed the strength of ankle 
dorsiflexion (DF) and plantar flexion 
(PF) in 86 patients with hereditary 
motor and sensory neuropathy type 1 
(HMSN-1). 

REPORT OF CASES 

Case 1.—A 39-year-old man, referred 
with a diagnosis of Charcot-Marie-Tooth 
syndrome, had a 16-year history of slowly 
progressive leg weakness. The weakness, 
which began in the right leg, was associated 
with pain and tingling of the right heel. 
Later, the left leg became similarly in- 
volved, and atrophy of both calves devel- 
oped. On inquiry, he admitted to some sex- 
ual dysfunction and impairment of urina- 
tion. 

There was asymmetric atrophy of calf 
and intrinsic foot muscles. He could not 
walk on his toes but could walk on his heels. 
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Toe flexors and plantar flexors were moder- 
ately weak bilaterally, but right toe exten- 
sors were only minimally weak. Pinprick 
sensation was decreased over both soles and 
the dorsum of the right foot; vibration sen- 
sation was normal. An asymmetric area of 
hypalgesia was noted over the perineum. 
Ankle reflexes were absent; other reflexes 
were normal. 

The compound muscle action potentials 
recorded over the extensor digitorum brevis 
and abductor hallucis were decreased in 
amplitude (0.9 and 2.1 mV, respectively), 
but peroneal and tibial nerve motor con- 
duction velocities were normal. The sural 
nerve evoked response was normal. There 
was chronic denervation in L-5 and S-1 my- 
otomes bilaterally. Metrizamide myelogra- 
phy with computed tomography revealed 
an intradural tumor (Figure). 

At operation, a 3X1.5-em low-grade 
myxopapillary ependymoma attached to 
the filum terminale was excised. Three 
years later, there was no significant clinical 
improvement but no evidence of tumor re- 
currence. 

Case 2.—A 33-year-old man, also re- 
ferred for evaluation of Charcot-Marie- 
Tooth syndrome, had a 3-year history of 
progressive inability to run or to stand on 
his toes. He reported frequent leg cramps 
and muscle twitching in his forearms and 
calves. He had no sensory or autonomic 
symptoms. His family history was negative 
except for a maternal grandmother who 
had had severe paraparesis in late life. 

Examination revealed a mild pes cavus 
deformity with clawing of the toes. The pa- 
tient could walk on his heels but not on his 
toes. The calves were moderately atrophic 
and weak. Toe flexor muscles were mildly 
weak. The right ankle reflex was absent and 
the left ankle reflex was barely present. 
There was no sensory deficit, and plantar 
responses were flexor. 

The results of peroneal (motor), tibial 
(motor), and sural nerve conduction studies 
were normal. Prominent fibrillation and 
fasciculation potentials were recorded from 
leg muscles bilaterally, particularly in mus- 
cles innervated by the tibial nerve. Motor 
unit potentials were decreased in number 
and were of large amplitude and long dura- 
tion. Similar changes were noted in the 
right hand. 

After extensive laboratory study, a diag- 
nosis of progressive spinal muscular atro- 
phy (distal type) was made. 

Case 3.—A 73-year-old man was referred 
with a diagnosis of idiopathic polyneuropa- 
thy. For the previous 2 years, he had noticed 
progressive gait unsteadiness, inability to 
stand on his toes, dull calf pain, and fre- 
quent leg cramps. He reported loss of sen- 
sation on his toes and the soles of his feet. 
He had no back pain. Previous investiga- 
tions, including sural nerve biopsy and 
blood metabolic screening tests, had pro- 
duced normal results. 


He could not walk on his toes but could 
walk on his heels with only mild difficulty. 
There was moderate asymmetric atrophy of 
the calves, moderate weakness of plantar 
flexors, and mild weakness of hamstring 
muscles bilaterally. Pinprick and light 
touch sensations were mildly decreased on 
the tops of both feet. Vibration sensation 
was moderately impaired up to the knee 
level. Ankle reflexes were absent; other re- 
flexes were normal. 

Tibial and peroneal motor nerve conduc- 
tion velocities were mildly decreased (36 
and 33 m/s, respectively). The compound 
muscle action potential amplitudes re- 
corded from the abductor hallucis and ex- 
tensor digitorum brevis were decreased (2.5 
and 0.2 mV, respectively). The sural nerve 
evoked response was normal. Chronic ac- 
tive denervation was noted in L-5 and S-1 
myotomes. Iopamidol myelography with 
computed tomography of the lumbosacral 
spine showed moderate congenital spinal 
stenosis and severe superimposed degener- 
ative disease. There were lateral recess and 
root canal stenoses at the lumbosacral in- 
terspace. 

The patient underwent decompressive 
lumbar laminectomy and foraminectomy 
over L-5 and S-1 nerve roots bilaterally. 
Postoperatively, his leg pain was relieved 
and his neuromuscular status has been sta- 
ble. 

Case 4.—A 58-year-old woman had had 
asymmetric leg weakness for 4 years. Ten 
years previously, she had undergone mas- 
tectomy for breast carcinoma (positive ax- 
illary nodes). During the year after the de- 
velopment of the weakness, her cerebrospi- 
nal fluid protein concentration had been 
persistently high (1.37 to 3.3 g/L), leading 
to a diagnosis of chronic inflammatory de- 
myelinating radiculoneuropathy. Treat- 
ment with steroids was ineffective, but six 
plasma exchanges seemed to bring about 
some improvement. During the last year, 
the patient had noticed increasing perineal 
and leg numbness as well as occasional uri- 
nary and rectal incontinence. Because a 
second course of plasmapheresis was with- 
out any benefit, she was referred to us. 

On our examination, she had mild diffi- 
culty walking on her heels and could not 
walk on her toes. There was mild hamstring 
and toe extensor weakness and severe 
weakness of ankle plantar flexors and toe 
flexors. Sensation was normal except for 
moderate impairment of vibration in the 
feet. Rectal sphincter tone was decreased. 
Patellar reflexes were decreased and ankle 
reflexes were absent. 

The compound muscle action potentials 
recorded from the abductor hallucis and 
extensor digitorum brevis were of de- 
creased amplitude (0.4 and 1.8 mV, respec- 
tively). Results of peroneal (motor), tibial 
(motor), and sural nerve conduction studies 
were otherwise normal. Electromyographic 
examination revealed high-amplitude long- 
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Computed tomogram at the L-2 level, following 
metrizamide myelography; a large intradural 
extramedullary tumor is demonstrated. 


duration motor unit potentials, both prox- 
imally and distally, in the lower extremi- 
ties. Increased insertional activity and fi- 
brillations were present in the right medial 
gastrocnemius and the left tibialis anterior. 
A myelogram with computed tomography 
of L-4 to S-1 was normal. The cerebrospinal 
protein value was 0.82 g/L, with a cell count 
of 4 X 10°/L; cytologic study revealed ma- 
lignant cells consistent with metastatic 
breast carcinoma. 

Although the presentation was atypical 
for meningeal carcinomatosis, the patient 
was referred for consideration of intrathe- 
cal chemotherapy. 

THE PATTERN OF LEG WEAKNESS 
IN HMSN-1 


From 1960 to 1987, 86 patients with 
HMSN-1, 3 to 86 years old, were eval- 
uated prospectively. Muscle strength 
was graded as follows: 0, normal; 1, 
25% weakness; 2, 50% weakness; 3, 
75% weakness; and 4, 100% weakness. 
Judgment of normality depended on 
the muscle group examined and on the 
patient's age, sex, weight, and physical 
fitness. 

Of these 86 patients, 78 (91%) had 
weakness of ankle DF, 9 (10%) had 
weakness of ankle PF, and 8 (9%) had 
weakness of neither. Weakness of an- 
kle PF never exceeded weakness of an- 
kle DF: weakness of DF greater than 
PF in 76 (97% ); weakness of DF equal 
to PF in 2 (83%); and weakness of DF 
less than PF in 0. 


COMMENT 


Ability to walk on the heels but not 
on the toes implies marked and selec- 
tive calf weakness. This simple clinical 
sign, in four patients referred to us 
because peripheral neuropathy was 
suspected, led us to consider intraspi- 
nal disease and to proceed to lum- 
bosacral imaging or cerebrospinal 
fluid analysis. An intraspinal disorder 
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was diagnosed in all four patients: 
ependymoma of the filum terminale, 
spinal muscular atrophy, spinal steno- 
sis, and meningeal carcinomatosis. 
Disorders of the distal spinal cord 
and cauda equina are often focal and 
result in a wide spectrum of patterns of 
leg weakness. Of these, bilateral weak- 
ness and atrophy of the calves is dis- 
tinctive and may relate to S-1 or S-2 
root involvement. Anterior horn cell 
disease in spinal muscular atrophy can 
also be focal, leading to severe atrophy 
of the triceps surae, while the tibialis 
anterior is relatively spared.' In pe- 
ripheral neuropathy, weakness of DF 
usually exceeds weakness of PF. This 
pattern of weakness has been noted in 
several varieties of HMSN, as well as 
in neuropathies associated with 
uremia,’ beriberi, hypothyroidism,‘ 
and toxicity from  tri-o-cresyl 
phosphate, lead, nitrofurantoin,* 
thallium,’ dapsone, and vincristine.!! 
In 86 patients with HMSN-1, we found 
no exception to this rule—loss of abil- 
ity to walk on their heels is a charac- 
teristic early sign in these patients. 
Does anterolateral leg weakness in 
polyneuropathy reflect a true selectiv- 
ity of neuropathic involvement? This 
would imply that axons (neurons) of 
the peroneal division of the sciatic 
nerve are affected sooner and to a 
greater extent than those of the tibial 
division. If axonal length is a risk fac- 
torinthe pathogenesis of HMSN-1 and 
other toxic and metabolic neuropa- 
thies, the slightly longer course of ax- 
ons to the tibialis anterior compared 
with the gastrocnemius” may be im- 
portant. Also, when discussing sciatic 
nerve injuries, Sunderland" noted that 
the peroneal division is selectively 
more vulnerable because of its blood 
supply, fascicular arrangement, and 
posterolateral position. 
Alternatively, peroneal selectivity 
in HMSN-1 and other neuropathies 
could simply be an artifact of clinical 
testing. Indeed, physiologic and bio- 
mechanical factors may spuriously fa- 
vor the detection of weakness in ankle 
dorsiflexors. Measurements of muscle 
cross-sectional area" and force! favor 
ankle plantar flexors over ankle dorsi- 
flexors by a factor of 3.5 to 5.0. Also, 
because tibialis anterior and toe ex- 
tensor tendons are restrained by the 
inferior extensor retinaculum of the 
ankle, their moment-arm (1.75 em) is 
shorter than that of the Achilles ten- 
don (6.34 cm).^ Thus, the examiner’s 
arm can readily overcome mildly weak 
ankle dorsiflexors but might not over- 
come ankle plantar flexors affected by 
the same relative degree of weakness. 
Similarly, in the assessment of a pa- 
tient's gait, weakness of ankle DF is 


readily detected; there is slapping of 
the foot at heel strike and a tendency 
for excessive flexion of the hip during 
theswing phase to allow the forefoot to 
clear the ground. By contrast, weak- 
ness of ankle PF may go undetected 
unless the patient is required to hop or 
run. Even complete unilateral excision 
of the triceps surae may lead to only 
minimal abnormalities of gait.'5 
Given the limitations of the clinical 
examination, a true assessment of the 
relative degree of peroneal and tibial 
involvement in peripheral neuropathy 
awaits the introduction of reliable bi- 
ometric methods and reference data. 


Dr Bourque is the recipient of a Travelling Fel- 
lowship from the R. Samuel McLaughlin Founda- 
tion of Canada. 
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MILES INTRODUCES 


AN AGENT THAT IMPROVES 
NEUROLOGIC OUTCOME 
ASSOCIATED WITH VASOSPASM 
IN ANEURYSMAL 
SUBARACHNOID HEMORRHAGE 


(Hunt and Hess Grades I-III Patients) 
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Color enhanced digital subtraction angiographic depiction of cerebral aneurysm. 





nimodipine/Miles 


CAPSULES 4 30 mg 


Please see references and Brief Summary of prescribing information on last page of this advertisement. 


IMPROVES NEUROLOGIC OUTCOME 
ASSOCIATED WITH VASOSPASM 
BY REDUCING ISCHEMIC NEUROLOGIC 
DEFICITS IN ANEURYSMAL 
SUBARACHNOID HEMORRHAGE 


(Hunt and Hess Grades I-III Patients) 


SIGNIFICANT 
REDUCTION IN THE 
SEVERITY OF DELAYED 
ISCHEMIC DEFICITS 
ASSOCIATED WITH 
VASOSPASM IN GOOD 
GRADE PATIENTS'** 


E As demonstrated in four double-blind, 
randomized clinical studies involving 823 
evaluable patients 


E Treatment initiated within 96 hours of 
the event 


* Two clinical trials also included patients with Hunt and 
TW 


Hess Orades IV-V. 


"For the side effects, please see prescribing information. 


{v 





LOW INCIDENCE OF 
SIDE EFFECTS AT 
RECOMMENDED 
DOSAGE REGIMEN" 


E Decreased blood pressure is most 
common side effect, occurring in 3.896 
(19/494) of patients. Carefully monitor 
blood pressure during therapy — see 
Precautions section in the prescribing 
information 


E Other side effects occurring at a 
frequency of =1.0% include headache, 
nausea, and bradycardia 


8 Noclinically significant effects on 
hematologic factors, renal or hepatic 


function, or carbohydrate metabolism have 


been causally associated with NIMOTOP 


SIGNIFICANT INCREASE IN NUMBER OF PATIENTS WITH GOOD RECOVERY 
AND SIGNIFICANT DECREASE IN NUMBER OF PATIENTS WITH SEVERE 
DISABILITY IN NIMOTOP-TREATED PATIENTS VS. PLACEBO!* 




















NIMOTOP PLACEBO *9096 of patients in this 
study were Hunt and 
Hess Grades 1-11. 
Total patients 278 276 'p=0.0444 good and 
moderate vs. severe and 
death. 
Good recovery 199: 169 ‘p = 0,001 severe 
disability. 
Moderate disability 24 16 ‘p=0.056 death. Effect 
on mortality is not vet 
?i clear. 
Severe disability 31 Dose: 60 mg (two 30 mg 
capsules) every 4 hours 
Death 433 60 within 96 hours of SAH 
and for 21 days. 

















Adapted from Pickard, et al.! 
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Y HEMODYNAMIC 
PROFILE COMPATIBLE 
WITH SURGERY* 


8 Minimal decreases in arterial blood 
pressure 


8 Minimal changes in heart rate 





DOSAGE 
RECOMMENDATION: 


For 
8 NIMOTOP therapy should begin more information 
within 96 hours of the aneurysmal call 1-800-642-4776. 
subarachnoid hemorrhage regardless of 
angiographic evidence of vasospasm 

MILES 


8 Recommended dosage regimen is 60 mg 
(two 30 mg liquid-filled capsules) every 

4 hours for 21 consecutive days in Hunt 
and Hess Grades I-III] patients 


8 NIMOTOP can be given orally or can 
be administered via nasogastric tubing as 
described in the prescribing information 
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BRIEF SUMMARY 


NIMOTOP* (nimodipine/Miles) CAPSULES 
For Oral Use 


INDICATIONS AND USAGE 

Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients who are 
in good neurological condition post-ictus (e.g. Hunt and Hess Grades I-III). Oral Nimotop® therapy 
should begin within 96 hours of the subarachnoid hemorrhage and continue for 21 days. 
CONTRAINDICATIONS 


None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium channel 
blocker, although they are generally not marked. In patients with subarachnoid hemorrhage given 
Nimotop® in clinical studies, about 5% were reported to have had lowering of the blood pressure and 
about 196 left the study because of this (not all could be attributed to nimodipine). Nevertheless, blood 
pressure should be carefully monitored during treatment with Nimotop® based on its known pharmacol- 
ogy and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic func- 
tion. Such patients should have their blood pressure and pulse rate monitored closely and should be given 
a lower dose (see Dosage and Administration). 





Laboratory Test Interactions: None known. 


Drug Interaction: lt is possible that the cardiovascular action of other calcium channel blockers 
could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive compounds 
taken concomitantly by patients suffering from hypertension: this phenomenon was not observed in 
North American clinical trials 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences of 
adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats given a diet 
containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) than in placebo 
controls. The differences were not statistically significant; however, the higher rates were well within 
historical control range for these tumors in the Wistar strain. Nimodipine was found not to be carcino- 
genic in a 9l-week mouse study but the high dose of 1800 ppm nimodipine-in-feed (546 to 
114 mg/kg/day) shortened the life expectancy of the animals. Mutagenic studies, including the Ames, 
micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and female 
Wistar rats following oral doses of up to 30 mg/kg/day when administered daily for more than 10 weeks in 
the males and 3 weeks in the females prior to mating and continued to day 7 of pregnancy. This dose in a 
rat is about 4 times the equivalent clinical dose of 60 mg q4h in a 50 kg patient. 

Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect in 
Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by gavage) 
doses of 1 and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not at 3.0 mg/kg/day 
in one of two identical rabbit studies. In the second study an increased incidence of stunted fetuses was 
seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryotoxic, causing resorption and 
stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day administered by gavage from day 6 through 
day 15 of pregnancy. In two other rat studies, doses of 30 mg/kg/day nimodipine administered by gavage 
from day 16 of gestation and continued until sacrifice (day 20 of pregnancy or day 21 post partum) were 
associated with higher incidences of skeletal variation, stunted fetuses and stillbirths but no malforma- 
tions. There are no adequate and well controlled studies in pregnant women ro directly assess the effect on 
human fetuses. Nimodipine should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk at 
concentrations much higher than in maternal plasma. It is not known whether the drug is excreted in 
human milk. Because many drugs are excreted in human milk, nursing mothers are advised not to breast 
feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage (11.296) who 
were given nimodipine. The most frequently reported adverse experience was decreased blood pressure in 
4.496 of these patients. Twenty-nine of 479 (6.196) placebo treated patients also reported adverse 
experiences. The events reported with a frequency greater than 1% are displayed below by dose. 














DOSE q4h 
Number of Patients (96) 
Nimodipine Placebo 
0.35 mg/kg 30 mg 60 mg 90 mg 120 mg 

Sign/Symptom (n = 82) (n = 71) (n = 494) (n = 172) (n = 4) (n = 479) 
Decreased 

Blood Pressure 1 (1.2) 0 19 (3.8) 14 (8.1) 2 (50.0) 6(1.2) 
Abnormal Liver 

Function Test 1 (1.2) 0 2 (0.4) 1 (0.6) 0 1(.5) 
Edema [U 0 2 (0.4) 2 (1.2) 0 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3 (1.7) 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 24012) 0 3 (0.6) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 

Symptoms 2(2.4) 0 0 2 (1.2) 0 0 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1 (0.6) 0 0 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30 mg 60 mg 90 mg 120 mg 

Sign/Symptom (n = 82) (n=71) (n=494) (n-172) (n-4) (n-479) 
Dyspnea 1 (1.2) 0 0 o 0 0 
EKG 

Abnormalities 0 1 (1.4) 0 1 (0.6) 0 o 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1 (0.6) 0 0 
Muscle 

Pain/Cramp 0 1 (1.4) 1 (0.2) 1 (0.6) 0 o 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) o 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg q4h, 
30 mg q4h or 120 mg q4h. 

Adverse experiences with an incidence rate of less than 1% in the 60 mg q4h dose group were: 
hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; anemia; palpitations; vomiting; 
flushing; diaphoresis; wheezing; phenytoin toxicity; lightheadedness; dizziness, rebound vasospasm; jaun- 
dice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: itching; 
gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; diaphoresis; con- 
gestive heart failure; hyponatremia; decreasing platelet count; disseminated intravascular coagulation; 
deep vein thrombosis 

As can be seen from the table, side effects that appear related to nimodipine use based on increased 
incidence with higher dose or a higher rate compared to placebo control, included decreased blood 
pressure, edema and headaches which are known pharmacologic actions of calcium channel blockers. It 
must be noted, however, that SAH is frequently accompanied by alterations in consciousness which lead 
toan under reporting of adverse experiences. Patients who received nimodipine in clinical trials for other 
indications reported flushing (2.1%), headache (4.1%) and fluid retention (0.3%), typical responses to 
calcium channel blockers. As a calcium channel blocker, nimodipine may have the potential to exacer- 
bate heart failure in susceptible patients or to interfere with A-V conduction, but these events were not 
observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohydrate 
metabolism have been causally associated with oral nimodipine. Isolated cases of non-fasting elevated 
serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts (0.3%), elevated 
alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been reported rarely. 
OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Symptoms of 
overdosage would be expected to be related to cardiovascular effects such as excessive peripheral vasodila- 
tion with marked systemic hypotension. Clinically significant hypotension due to Nimotop® overdosage 
may require active cardiovascular support. Norepinephrine or dopamine may be helpful in restoring blood 
pressure. Since Nimotop? is highly protein-bound, dialysis is not likely to be of benefit. 


DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarachnoid 
hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral Nimotop® 
therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, a hole 
should be made in both ends of the capsule with an 18 gauge needle, and the contents of the capsule 
extracted into a syringe. The contents should then be emptied into the patient's in situ naso-gastric tube 
and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled C 


A "max" 
Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood pressure and heart rate. 
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February 4-5-6, 1990 


(Immediately l hassa the American Association of 
Neurological 


urgeons/Congress of Neurological Surgeons 


Joint Section on Disorders of the Spine, February 7-8-9-10-11) 


a Symposium/Hands-On Workshop 


for Neurosurgeons, Plastic, ENT, 
Craniofacial and Maxillofacial Surgeons 
(Neuro 700) 


“Modern Dissection Techniques of Bone, 
Biometals, Bioceramics and Bioplastics” 


SYMPOSIUM FORMAT: Workshops: 7:30 a.m. - 1:30 p.m. each day. An intensive series of hands-on 
exercises utilizing appropriate animal bones, skeletal bones, etc., to develop dissection skills for bonework 
of the cranium and spine. Special attention to bioplastics and biometals applicable in neurosurgery. 


Sonesta Sanibel Harbour Resort 
17260 Harbour Pointe Drive 
Fort Myers, FL 33908 
Phone: 813-466-4000. 


ENROLLMENT IS LIMITED. Please call before sending 
check or making travel plans. All enrollments made through 
the MIDAS REX office in Fort Worth. 

ENROLLMENT FEE: (U.S.$): Surgeon $965.00; Resident 
$585.00 (with letter from Department Head); All Operating 


Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to “Captiva Symposium.” 


Mail to: MIDAS REX™ Institute, 2929 Race Street, Fort Worth, TX 76111. Phone: 800-433-7639 or 817-831-2604. 
Join the more than 7,800 enrollees who have completed MIDAS REX Hands-0n Workshops 


PARK CITY, 


MARCH 14-15-16, 1990 


“Modem Dissection Techniques 


of Bone, Biometals, Bioceramics, and Bioplastics” 
A Neurosurgical Symposium/Hands-On Workshop (Neuro 700)* 


Also, Plastic, ENT, Craniofacial 
and Maxillofacial surgeons. 


Course Directors: 

John M. Tew, Jr., M.D. 
Thomas J. Berger, M.D. 
Susan Mitchell, Ed.D. 
James Dukelow, Ph.D. 


co-sponsored by the 


Department of Neurosurgery 
UNIVERSITY OF CINCINNATI 
MEDICAL CENTER 
in affiliation with 
GOOD SAMARITAN HOSPITAL 
CHRIST HOSPITAL 
MAYFIELD NEUROLOGICAL 
INSTITUTE 
and 
MIDAS REX™ Institute 


SYMPOSIUM FORMAT 


WORKSHOP: The Midas Rex Hands-On Workshop will be 
eld each day from 7:00 a.m. to 1:00 p.m. The workshop will 
emphasize a series of hands-on exercises, utilizing appro- 
priate animal bones, skeletal bones, bioplastics and 
biometals for dissection in the cranium and spine. Methyl- 
methacrylate and biometals as they relate to neurosurgery 
will also be considered. Distinguished guest lecturers will 
make presentations and video tapes will be available. 


CREDIT: CME Credit Available. 


COURSE LOCATION AND ACCOMMODATIONS: Resort 
enter Lodge & Inn, 1415 Lowell Avenue, Par ity, Utah 
84060. Phone: 800-824-5331. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Per- 
sonnel (RN/CST/PA/Other) $250.00. Make check to ‘‘Park City 
Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


*There will be a simultaneous Orthopaedic Symposium (Ortho 700) in a separate room. Hospitality and some lectures will be 


combined. 


Join the more than 7,600 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,800 Orthopaedic Surgeons; 1,600 Neurosurgeons; 2,250 OR Personnel) 





Acute Relapsing Guillain-Barré Syndrome 
After Long Asymptomatic Intervals 


Eelco F. M. Wijdicks, MD, Allan H. Ropper, MD 


@ Five patients who recovered from an 
initial episode of Guillain-Barré syndrome 
had acute relapses 4, 10, 15, 17, and 36 
years later, respectively. Two patients had 
multiple subsequent relapses. The ante- 
cedent illnesses, distribution of weak- 
ness, and clinical courses of each relapse 
were similar for each patient, except that 
relapses in three patients were briefer 
than the initial episode. One patient had 
asymptomatic sarcoidosis. Pharyngeal, 
oculomotor, and diaphragmatic weakness 
requiring a ventilator were common. Com- 
plete recovery or mild residual deficits, 
return of reflexes, normal cerebrospinal 
fluid protein at the onset of recurrent ep- 
isodes, and normal or virtually normal 
nerve conduction velocities at various 
times distinguished these patients from 
those with more typical chronic relapsing 
inflammatory polyneuropathy. 

(Arch Neurol. 1990;47:82-84) 


he Guillain-Barré syndrome (GBS) 

is typically a monophasic illness 
with progressive weakness over 1 to 3 
weeks, followed by recovery. A few pa- 
tients, after recovering from acute 
GBS, have an acute relapse after long 
asymptomatic intervals of several 
months to a decade. We describe 5 pa- 
tients with acute relapses 4 to 36 years 
after an initial acute GBS. Several 
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features distinguished their illnesses 
from other cases of typical chronic re- 
lapsing inflammatory polyneuropathy 
(Table 1).'? 


REPORT OF CASES 


Case 1.—A 32-year-old woman awoke 
with low back pain, foot numbness, pre- 
dominantly on the right side, and inability 
to stand several weeks after an upper res- 
piratory infection. All her limbs were weak, 
deep tendon reflexes were diminished in the 
arms, and absent in the legs. Vibratory and 
pin sensation were symmetrically dimin- 
ished in the distal limbs. The following day 
she developed facial and tongue weakness 
and respiratory failure requiring intuba- 
tion; limb weakness progressed to virtual 
quadriplegia. Results of a cerebrospinal 
fluid (CSF) examination, initially normal, 
contained 1.19 g/L protein without cells 2 
weeks later. She gradually improved after 
15 days, remained on the ventilator for 40 
days, and walked with the aid of a walker at 
3 months. All deep tendon reflexes re- 
turned, except at the ankles. By 6 months 
she had only mild left facial weakness and 
a left foot drop. 

Ten years later, she had mild pulmonary 
sarcoidosis that remitted spontaneously. 
Fifteen years after her initial acute episode 
of GBS, again after a respiratory infection, 
she developed bifacial weakness, progres- 
sive leg weakness, areflexia, numbness in 
the right foot, and respiratory failure re- 
quiring intubation within 1 day, with vital 
capacity decreasing from 3.5 L to 0.8 L. She 
could move her legs only slightly. Her con- 
dition progressed to the same degree as 
with the initial illness. The CSF values were 
again normal on admission, but 0.75 g/L 
protein was seen 4 days later. Serum pro- 
tein electrophoresis and results of testing 
for porphyria were normal. She began im- 
proving after the 10th day, remained on the 
ventilator for 16 days, and was able to walk 
by 1 month. Reflexes returned again, except 
at the ankles, but she was left with mild 


limb weakness and slight left foot drop, as 
before. No palpably enlarged nerves were 
found. No further relapses or evidence of 
sarcoidosis have occurred over 3 subsequent 
years. 

CASE 2.—A 42-year-old woman had diar- 
rhea and fever followed in 2 days by numb- 
ness in her hands, legs, and mouth, and leg 
weakness. She was briefly hospitalized and 
had an elevated CSF protein concentration. 
She recovered completely after 8 months, 
except for minor sensory symptoms in the 
distal limbs. Nine years later, results of an 
examination were normal, including deep 
tendon reflexes. 

Ten years after the first episode she had 
a gastrointestinal illness similar to the 
previous one, followed in 4 days by leg ach- 
ing, weakness, and paresthesias. She had 
proximal limb weakness, absent reflexes, a 
wide-based gait, and was unable to stand. 
Results of a sensory examination were nor- 
mal. Results of a CSF examination showed 
a concentration of 1.56 g/L protein and 3 
mononuclear cells per cubie millimeter. 
Nerve conduction velocities were slightly 
slowed (ulnar, 32 m/s; median, 30 m/s), and 
median nerve F-wave responses, absent. 
She recovered completely without any spe- 
cific therapy after 1 month. 

Eighteen months later she had vomiting, 
fever, and diarrhea, and the following day 
became progressively weaker over a 24- 
hour period. The following morning she was 
unable to rise from a chair. There was slight 
weakness of knee flexors and extensors, 
areflexia, and mildly diminished vibratory 
sense in the toes. There were no palpably 
enlarged nerves or signs of systemic dis- 
ease. Results of serum phytanie acid por- 
phyria testing and serum protein electro- 
phoresis were normal. One month later, she 
again recovered completely. 

CasE 3.—A 25-year-old woman had fever, 
sore throat, and myalgias, followed by pro- 
gressive quadriparesis, areflexia, and fin- 
ger and hand tingling progressing over a 
period of several days. She eventually re- 
quired ventilatory support and had a tra- 
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cheostomy for 10 weeks. Six months later 
she recovered almost normal proximal 
strength, but had residual sensory loss on 
the limbs and trunk, mild distal weakness, 
and areflexia. Two years later she had her 
second child without incident. 

Four years after the initial illness, she 
had cough, nausea, vomiting, and diarrhea, 
followed in 3 weeks by proximal limb weak- 
ness, diplopia, burning paresthesias in her 
fingers and toes, and occasional urinary and 
fecal incontinence. Initially there were fa- 
cial weakness, severe quadriparesis with 
retained ability to lift her extremities mo- 
mentarily off the bed, and areflexia. She 
became completely quadriplegic with oph- 
thalmoplegia over several days, and devel- 
oped respiratory failure requiring ventila- 
tory support for 5 weeks. Results of three 
spinal fluid examinations were normal. 
Electrodiagnostic studies 1 month after 
onset showed normal motor nerve conduc- 
tion velocities and distal latencies, but pro- 
longed F waves, without fibrillation po- 
tentials. Sural nerve biopsy showed focal 
degeneration and regeneration of large my- 
elin sheaths with ovoids, but no onion bulb 
formation, macrophages, or inflammatory 
changes. Serum porphyrin concentrations 
were normal. She had residual foot weak- 
ness at 6 months requiring short leg braces 
and canes to walk, worse than after her first 
episode. Tendon reflexes returned in the 
legs. 

Seven months later she complained of 
tingling in her left hand, increasing left- 
sided weakness, difficulty swallowing, and 
diplopia. There was bilateral ptosis, facial 
weakness, impaired upward gaze, inability 
to abduct the right eye, decreased gag 
reflex, and symmetric proximal weakness. 
Within 2 days, weakness progressed rap- 
idly, reflexes disappeared, and she required 
intubation and ventilatory support. She 
was treated with plasma exchange. 
Strength increased and ventilatory support 
was discontinued after 10 days. She recov- 
ered and used a walker at 5 months. 

A year later she had a third relapse with 
progressive quadriparesis, bilateral ptosis, 
and difficulty swallowing. She received 
plasma exchanges and again improved 
within 3 weeks. She was left with mild fa- 
cial and proximal weakness, areflexia, and 
distal sensory loss, but was able to walk 
with short braces and a cane after 2 months. 

Case 4.—At age 15 years, this woman de- 
veloped distal numbness and limb weak- 
ness, recovering completely after several 
weeks. At age 51 years, after an influenza- 
like illness, she developed similar tingling 
in her hands and feet, and progressive 
weakness. She had bilateral ptosis, right- 
sided facial weakness, inability to swallow, 
followed in 2 days by respiratory failure 
requiring intubation. Deep tendon reflexes 
were initially decreased, and later absent. 
Results of a CSF examination showed 0.39 
g/L protein with no cells; 1 week later the 
protein level was 0.64 g/L. Electrodiagnos- 
tic studies showed prolonged distal laten- 
cies, absent F waves, but normal motor 
nerve conduction velocities, and no fibrilla- 
tion potentials. She improved gradually 
and the tracheostomy was removed after 29 
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Table 1.— Clinical Characteristics in Patients With Acute 
Relapsing Guillain-Barré Syndrome * 


Antecedent 


Illness Interval, y 


Clinical Features 





Time to Walk, mo 


URI si Bifacial weakness, quadriparesis, on 
ventilator within 24 hours for 40 days 

Bifacial weakness, quadriparesis, on 
ventilator within 24 hours for 16 days 


Diarrhea; 


Numbness in legs, arms, and mouth; 


fever leg weakness 


Diarrhea; 
vomiting 

Diarrhea; 
fever to walk 


Numb and weak legs, unable to walk 


Numbness legs, leg weakness, unable 


Quadriparesis, ventilator for 10 weeks 


Bifacial weakness, ophthalmoplegia, 
quadriparesis, ventilator for 5 weeks 


Bifacial weakness, ophthalmoplegia, 
quadriparesis, ventilator for 10 days 


Bifacial weakness, ptosis, 
quadriparesis, no respiratory failure 


Distal limb weakness, numbness 


Facial weakness, quadriparesis, ptosis, 
pharyngeal weakness, ventilator for 


29 days 


"r Purely motor syndrome evolving over 
fever 10 days 


Purely motor syndrome more severe 





Diarrhea; 


Malaria 





than first illness 


*URI indicates upper respiratory infection. 


Table 2.—Acute Relapses After Long Intervals in Major Series of 
Guillain-Barré Syndrome 


Source, y 
Castaigne et al,? 1966 
Pleasure et al,'° 1968 
Samantray et al,'' 1977 
Loffel et al,'^ 1977 


No. (%) of Relapses Interval 
14 (4) 6 mo-24 y 
12, 13, 13 y 





Kennedy et al, 1978 
Winer et al,'* 1988 





days. She was able to walk at 4 months. At 
that time she had slight left-sided ptosis 
and proximal arm weakness. She recovered 
except for areflexia and occasional pares- 
thesias. 

Case 5.—A 26-year-old man had a diar- 
rheal illness with fever, followed, in 1 week, 
by progressive limb and facial weakness 
over 10 days. He had leg cramps but no 
paresthesias. The left arm and right leg 
were weaker than their opposites. At his 
worst, he could not get out of a chair and his 
vital capacity was moderately diminished. 
He was treated with corticosteroids and re- 
covered “98%” over 8 months. 

Seventeen years later he was acutely in- 
fected with falciparum malaria and treated 
without chloroquine. After a week of fever 
and chills, he became weak over 1 day and 
could not lift his limbs off the bed. Weak- 
ness was approximately symmetric. His vi- 
tal capacity was again diminished, but he 
did not require a ventilator. He was are- 
flexie, but had no paresthesias or sensory 
loss. There were similar aching leg cramps 
in the same locations as with the initial ill- 
ness. Results of a CSF examination dis- 


closed a protein level of 0.46 g/L 1 month 
after onset. He was able to walk with a 
walker by 1 year and improved slowly over 
a 2-year period. His arm reflexes returned, 
but there was atrophy of intrinsic hand 
muscles. Results of a sensory examination 
were normal. Electrophysiologic testing 
showed normal motor nerve conduction ve- 
locities with some dispersion and blocking 
in the peroneal, tibial, and ulnar nerves. 


COMMENT 


Several types of relapses have been 
described in GBS. A biphasic illness 
with limited relapses 2 to 4 weeks af- 
ter initial improvement occurs in 10% 
of patients treated with plasma 
exchanges, and after high-dose y- 
globulin.’ Relapses have also been ten- 
tatively associated with steroid treat- 
ment of acute GBS.° Chronic inflam- 
matory demyelinating neuropathy 
(CIDP) may have relapses, often given 
a separate designation (CRIP). Many 
of these recurrences have been associ- 
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ated with steroid withdrawal, and 
probably do not represent spontaneous 
reactivation of inflammatory disease. 
Sudden relapses after initial recovery 
were also described before the era of 
specific immunomodulating treatment 
of GBS. One of the two patients de- 
scribed in Guillain and colleagues" 
original article, after initially improv- 
ing, developed rapidly increasing 
weakness during an infection; the in- 
terval between acute episodes was not 
given. A patient of Haymaker and 
Kernohan? developed respiratory fail- 
ure and increasing weakness 1 month 
after improvement from an acute epi- 
sode. 

Several large series mention rare 
patients with discrete acute relapses 
after long intervening asymptomatic 
intervals, similar to ours?*'^ (Table 2). 
Two episodes of predominantly motor 
polyneuropathy after tetanus toxoid 
administration at 5-year intervals, 
and two cases with acute recurrences 
following swine influenza vaccination 
at intervals of 5 months and 9 years, 
respectively, have been reported.' 
Guillain-Barré syndrome  relapses 
with long asymptomatic intervals oc- 
curred in 14 of 457 patients in one large 
series; 10 had similar features with 
each episode? Asbury et al" reported 
four relapses over 50 years in one pa- 
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tient. The course of a patient with 
acute recurrences of neuropathy and 
lupus erythematosus reported by Mil- 
lette et al'* was also indistinguishable 
from ours. 

Our five patients, unusual because of 
the long intervals of 4 to 36 years be- 
tween the initial episode and relapses, 
had similar antecedent infectious syn- 
dromes (except for the patient whose 
second illness was precipitated by ma- 
laria) and clinical courses with each 
acute illness. Limb, pharyngeal, and 
oculomotor weakness progressed over 
several days. In two patients, each re- 
lapse resulted in respiratory failure 
requiring ventilatory support, al- 
though the duration of intubation was 
shorter with succeeding episodes. Al- 
ternative diagnoses, such as porphyr- 
ia, seemed unlikely. Sarcoidosis may 
have caused a “symptomatic” GBS in 
one patient, but sarcoid was first evi- 
dent 10 years after the initial acute 
episode of GBS and was inactive dur- 
ing recurrences. Unfortunately, the 
lengthy intervals between illnesses re- 
sulted in varying evaluations, and we 
can only presume that our cases had 
similar underlying pathologie pro- 
cesses. There was myelin degeneration 
and regeneration without inflamma- 
tion, similar to CIDP, in the sural 
nerve biopsy specimen of one patient. 
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History of Neurology 


Alalia, Aphemia, and Aphasia 


Victor W. Henderson, MD 


@ In the 1860s, vigorous debate fol- 
lowed Paul Broca's seminal aphasiological 
observations. Scientific, philosophical, 
and personal disagreements affected en- 
suing nosological disputes. Competing 
terms to designate disorders of speech 
and language were a/alia (used by Jacques 
Lordat), aphemia (coined by Broca), and 
the ultimately triumphant aphasia (intro- 
duced by Armand Trousseau). How these 
designations came into being, how they 
were used, and how they were received by 
the scientific community reflected contro- 
versies surrounding the birth of modern 
aphasiology. 

(Arch Neurol. 1990;47:85-88) 


Modern scientific aphasiology dates 

from epochal reports by Paul 
Broca (1824-1880) in the 1860s,'^ fol- 
lowed a decade later by Carl Wer- 
nicke’s well-known monograph.‘ Bro- 
ca’s observation that a loss of speech 
follows damage to a circumscribed re- 
gion of the left frontal lobe,*5 a region 
now known as Broca's area, was revo- 
lutionary in two respects. First, it sug- 
gested that different regions of the ce- 
rebral cortex might have different 
functions, an idea earlier associated 
with the phrenology of Franz Gall’ and 
then discredited by the elegant animal 
experiments of Pierre Flourens.* Even 
more startling was the notion that the 
left half of the cerebrum might sub- 
serve a functional role quite different 
from that of the contralateral hemi- 
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sphere, when it appeared that the 
brain was “perfectly symmetrica]"*056» 
or that "the two hemispheres of the 
brain are completely alike."5(?50 

Assimilation of Broca's findings and 
their startling implications was com- 
plicated by priority disputes, self- 
serving polemics, and philosophical 
disagreements that, interestingly, 
were fought in part on a nosological 
battlefield. Leading candidates for a 
general term to describe disorders of 
speech and language were alalia, 
aphemia, and aphasia. Alalia? had 
been used by Jacques Lordat, aphemia? 
was Broca’s term, and the ultimately 
triumphant aphasia" was coined by 
Armand Trousseau. The early history 
of modern aphasiology is reflected in 
the history of these terms: how they 
came into being, how they were used, 
and how they were received by the 
larger scientific community. 


BROCA’S DISCOVERY 


Broca’s aphasiological forays were a 
fortuitous fallout of his interests in 
physical anthropology. As founder and 
secretary of the Anthropological Soci- 
ety of Paris, he participated in a debate 
concerning cranial capacity and intel- 
ligence, suggesting that the two were 
related." He was challenged by fellow 
member Ernest Auburtin (1825-1895) 
to carry his argument further. Aubur- 
tin reasoned that, with regard to in- 
tellectual functions, the brain ought to 
be analyzed, not as a monolithic whole 
but, rather, in terms of component 
lobes. For example, he argued—in line 
with long-standing teachings of his 
father-in-law Jean-Baptiste Bouil- 
laud'^5 (1796-1881), clinical professor 
on the Paris medical faculty—that 
speech was abolished only when injury 
included anterior (frontal) lobes of the 
brain. There was never, however, a 


suggestion that such damage need be 
lateralized to one side of the cerebrum. 
The following week, the now-famous 
aphasic patient Leborgne was trans- 
ferred to Broca’s surgical service at the 
Bicétre hospital in Paris, where he was 
examined by both Auburtin and 
Broca.2 A week later Leborgne died. 
Autopsy findings of damage that in- 
cluded the left frontal lobe, reported by 
Broca to the Anthropological! and 
Anatomical? Societies of Paris, sup- 
ported Auburtin’s (and Bouillaud’s) 
contention of frontal involvement in 
speech. Broca reported similar, but 
more discrete, pathological findings on 
a second patient shortly thereafter,’ 
but it was not until April 1863,‘ after 
carefully reviewing additional clinico- 
pathological material, that Broca cau- 
tiously advanced his famous thesis 
that lesions causing the loss of speech 
were associated with damage to a por- 
tion of the left cerebral hemisphere. 
Two years later, he was emphatic: “For 
language... we are left-brained.... 
We speak with the left hemi- 
sphere.” 5089 


APHEMIA AND APHASIA 


Broca described the disorder that he 
observed in Leborgne as a defect in the 
"faculty of articulated language. ”?033 
He explained,” 


There are cases in which the general 
faculty for language remains unal- 
tered; where the auditory apparatus is 
intact; where all muscles—including 
those of speech and articulation—are 
under voluntary control; and where, 
nevertheless, a cerebral lesion abol- 
ishes articulated language. This aboli- 
tion of speech, for individuals who are 
neither paralyzed nor idiots, consti- 
tutes such a singular symptom that it 
appears useful to designate it under a 
special name. I will therefore give it the 
name of aphemia (o, privative; pnu, I 
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speak, I pronounce), for these patients 
lack only the ability to articulate 
words. 


In January 1864, Broca's term was 
broadsided in the popular triweekly 
"French Lancet" —the Gazette des Hô- 
pitaux Civils et Militaires—by Ar- 
mand Trousseau (1801-1867), powerful 
Professor of Clinical Medicine at the 
Paris medical school. In his article en- 
titled, “On Aphasia, an Illness Re- 
cently Described Under the Improper 
Name of Aphemia,” Trousseau! at- 
tacked aphemia, complaining that the 
original Greek implied infamy rather 
than the loss of speech; his etymolog- 
ical preference was for aphasia. Bro- 
cas knowledgeable — counterargu- 
ments'* in the same journal were de- 
tailed and spirited. Indeed, Broca 
good-naturedly apologized to Trous- 
seau for the length of his philological 
rebuttal in which he vigorously de- 
fended both aphemia and aphrasia as 
preferable to aphasia: “I have taken up 
my pen to write you but several lines 
and I have prepared almost a 
dissertation.” 1603) 


JACQUES LORDAT AND ALALIA 


Lordat’s involvement in controversy 
surrounding Broca’s research was in- 
direct. Lordat’s own earlier work on 
aphasia resurfaced in the context of a 
priority suit brought forth by Gustave 
Dax on behalf of his father, a deceased 
medical practitioner named Marc Dax. 

Lordat (1773-1870), half-a-century 
dean of the medical faculty at the dis- 
tinguished school at Montpellier 
(France), was among the first to pub- 
lish detailed descriptions of aphasic 
symptomatology. Lordat was his own 
most famous case,” although his in- 
terests in aphasia antedated his own 
illness.” In 1825, Lordat suffered tran- 
sient symptoms of Wernicke's or 
transcortical sensory aphasia,'* which 
Lordat described in detail in 1843 in 
the Journal de la Société de Médecine- 
Pratique de Montpellier. 

The ancient medical school at Mont- 
pellier stood in philosophical opposi- 
tion to that of rising academic centers 
in Paris and elsewhere, and Lordat 
was its apotheosis and principal 
apologist.” Lordat, a spiritualist, op- 
posed the sensualist philosophy of the 
Paris school,” which maintained 
that thought depends on externally 
derived sensory stimuli and is medi- 
ated by language. Lordat taught that 
in addition to material, or mechanical, 
elements, an understanding of human 
action and human illness required the 
study of two "dynamic" elements, the 
inward sense, or mind (sens intime), 
and the vital force./^/»2! 


86 Arch Neurol— Vol 47, January 1990 


Lordat described his illness as “in- 
complete alalia,”®® where the gen- 
eral term alalia referred to the “im- 
possibility of speaking."!*?? Lordat at- 
tributed his own variety of alalia to 
verbal amnesia. He could formulate a 
distinct idea of the words that he 
wished to use, and there was normal 
strength of the muscles of articulation; 
his verbal amnesia was indicated by a 
suspension in the “memory of word 
sounds and their oral usage without 
the slightest involvement of any other 
intellectual function." Lordat’s 
argument for the clear separation of 
thought and language, in contradis- 
tinction to the sensualist philosophers, 
was couched in obtuse spiritualistic 
terms, and consequently his insightful 
clinical descriptions were generally ig- 
nored by the scientific community un- 
til publicized after Broca’s subsequent 
discoveries,” 


THE MARC DAX MANUSCRIPT: LORDAT, 

BOUILLAUD, BROCA, AND TROUSSEAU, 

AND THE DEBATE IN THE ACADEMY OF 
MEDICINE 


As professor of physiology and dean, 
Lordat was celebrated for his annual 
medical school course of instruction: 
"Each of his lessons was a triumph for 
him.... Some of his former students, 
having become teachers in their own 
turn or [having become] widely dis- 
persed medical practitioners, contin- 
ued . . . to follow his lectures with a re- 
markable assiduity.'"?9"9 It is there- 
fore likely that Mare Dax (1770-1837), 
who received his medical training at 
Montpellier and practiced in nearby 
Sommiéres, was aware of, and influ- 
enced by, Lordat’s long-standing inter- 
ests in speech and language disorders. 
In 1863, 26 years after Dax’s death, his 
son Gustave brought forth an unpub- 
lished manuscript purportedly pre- 
pared by the senior Dax for presenta- 
tion before an 1836 medical congress 
held in Montpellier. There is no evi- 
dence that Dax’s manuscript, entitled 
“Lesions of the Left Side of the Brain 
Coinciding With the Loss of Signs for 
Thought,” was actually submitted to, 
or read at, this regional meeting.’ Nev- 
ertheless, Gustave Dax, frustrated in 
his own professional attempts to ex- 
tend his father’s observations and per- 
haps distressed by publicity accorded 
to Broca, pressed his father’s priority 
claim before the Academy of Medicine 
in Paris.**”” Widely circulated and dis- 
cussed after its March 1863 resurfac- 
ing, Marc Dax’s manuscript was belat- 
edly published 2 years later.* Dax’s 
clinical descriptions are scanty, and 
pathological details are absent. Lor- 
dat’s views on alalia are, however, fa- 


vorably cited, and, in 1864, under the 
title of, “A Lesson in Alalia or Verbal 
Amnesia in 1842,” Lordat’s earlier 
self-observations were excerpted in 
the Gazette des Hopitaux.” 

The Dax manuscript catalyzed a se- 
ries of important, far-reaching discus- 
sions among members of the Academy 
of Medicine in December 1864 and 
early 1865. Principal discussants in- 
cluded Bouillaud and Trousseau; Bro- 
ca, who was not a member of the 
Academy, could not participate. Bouil- 
laud, champion of the view that the 
frontal lobes were affected in speech 
disorders, was displeased with Dax’s 
misrepresentation of  Bouillaud's 
views.” Dax's manuscript? had mis- 
referenced Bouillaud's 1825 article in 
the Archives Générales de Médecine, 
and more importantly, it had errone- 
ously reported that Bouillaud viewed 
speechlessness as secondary to lingual 
paralysis. Toward Broca, Bouillaud 
was more condescending. He pointedly 
congratulated Broca on his “brilliant 
and fruitful conversion 70559 and his 
"fortunate and memorable conver- 
sion””°) to Bouillaud’s teachings 
concerning the essential role of the 
frontal lobes in speech, while rejecting 
the notion of discrete convolutional lo- 
calization implied in Broca's writings. 

According to an English contem- 
pory, Trousseau appeared to have 
"every wish to produce evidence 
against Dax's and Broca's theory ?*et9 
concerning left hemisphere involve- 
ment in aphasia. Trousseau was espe- 
cially critical of Broca's “audacious” 
views concerning this “strange 
localization, 999 and he could not 
bring himself to "accept the strange 
opinion of M. Broca.'?'9*? During the 
1865 debate, Trousseau? adduced a 
number of clinical observations of 
cases with and without aphasia, con- 
cluding that Broca's opinions were less 
generally correct than those of Dax or 
Bouillaud. In other words, aphasia was 
more apt to be associated with damage 
to the two anterior lobes (site unspec- 
ified) or to the left hemisphere (site 
also unspecified) than with more re- 
stricted damage that included the pos- 
terior portion of the left inferior fron- 
tal gyrus. Thus, 14 of 32 cases were 
cited as consistent with Broca's pre- 
dictions, 18 of 34 cases with Bouil- 
laud's, and 125 of 135 with Dax's? None 
of their formulations were beyond re- 
proach, according to Trousseau,’ al- 
though the validity of Trousseau’s 
cases was in turn challenged.” By re- 
ferring to Dax’s “law” and Dax’s 
“doctrine,” Trousseau? acknowledged 
Dax’s priority over Broca. Broca, un- 
derstandably unhappy with the focus 
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of this criticism, claimed reluctance to 
be involved in such disputes, complain- 
ing later that year?07938» 


I dislike discussions of priority, and I 
would have avoided remarking on the 
discovery of the senior Dax, not being 
published, as a blind alley from the 
point of view of history, if many had 
not hinted that I should cite the opin- 
ion of the senior Dax, when I pointed 
out in my turn the special influence of 
the left hemisphere of the brain on the 
faculty of language. ... The existence 
of the memoir of the senior Dax, before 
being mentioned by his son, was as un- 
known in Montpellier as in Paris. .. . It 
was impossible for me to devine the 
existence of a manuscript that was only 
exhumed two years after my first pub- 
lications on aphemia. 


A decade later, Broca finally ob- 
tained a copy of the Mare Dax manu- 
script that had been received by Trous- 
seau in the 1860s. In comparing the 
writing style to that of a Gustave Dax 
manuscript also from Trousseau’s pa- 
pers, Broca concluded that the Marc 
Dax manuscript was authentic, al- 
though “no one, except undoubtably 
his son, knew of its existence ??053* þe- 
fore Broca’s own studies. 


THOUGHT AND LANGUAGE 


By the time Lordat’s alalia was re- 
introduced, there was already a surfeit 
of “rich synonyms"?9:? to describe 
disorders of speech and language. In 
the Academy of Medicine debate, 
Bouillaud characterized alalia as an 
*unfortunate"?9055 designation, while 
Trousseau castigated Lordat's term as 
a “monstrous amalgamation of contra- 
dictory phenomena.” In the same 
forum, Trousseau also reiterated his 
preference for aphasia over aphemia. 
Indeed, Trousseau’s stature was such 
that aphasia was soon adopted in pref- 
erence to all competing terms. Inter- 
estingly, however, Broca later bor- 
rowed Lordat’s verbal amnesia and 
alalia.*? Recognizing the diversity of 
aphasic symptomatology, Broca ap- 
plied the former term to what was to 
become known as Wernicke’s aphasia 
and used mechanical alalia for what is 
now referred to as dysarthria.* 

Despite similarities, Lordat's, Bro- 
ca’s, and Trousseau’s appellations 
were not synonymous. Broca had orig- 
inally characterized aphemia as a dis- 
order in the “faculty of articulated lan- 
guage.'?0:? According to Broca, “these 
patients lack only the ability to artic- 
ulate words. They hear and under- 
stand all that one tells them; they pos- 
sess all their intelligence. 79»? For 
Lordat, too, alalia, whether attributed 
to verbal amnesia or to other causes, 
did not necessarily imply additional 
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cognitive deficits, and Lordat’s empha- 
sis on his ability to reason during his 
own aphasic illness anticipated a sec- 
ond confrontation between Broca and 
Trousseau. 

An aphasic, according to Trousseau, 
was “he for whom the signs of thought 
can no longer be made known.'9069 In 
particular, both memory and attention 
were almost always affected,’ nearly to 
the point of dementia." Aphasia indi- 
cated the "loss of the faculty of ex- 
pressing one's thoughts by speech, and 
in most cases, also by writing and by 
gesture.!97? Intelligence was con- 
comitantly affected. “Thus, in aphasia 
there is not only the loss of speech, but 
there is also damage to the under- 
standing. The aphasic has lost simul- 
taneously, to a greater or lesser degree 
the memory of words, the memory of 
the acts by which means words are ar- 
ticulated, and intelligence.”'*3*??) In 
both the Academy of Medicine’ and the 
second edition of his influential text- 
book Clinique Médicale de l'Hôtel- 
Dieu de Paris, Trousseau em- 
phasized this point through sarcastic 
criticism of “the illustrious Lordat": 


M. Lordat, who because of his spiritu- 
alistic doctrines believes in the abso- 
lute independence of thought and 
speech,...furnishes in himself the 
proof of this dependence. Before the 
attack of aphasia in 1828 [sic], he im- 
provised his lectures admirably; but 
after recovering from this attack, he 
became henceforth incapable, not only 
of improvising, but even of reciting 
from memory lectures that he had pre- 
viously written out, and he could only 
read them. 


THE LAST WORD 


Bouillaud? chided Trousseau for in- 
adequately differentiating between 
aphasics for whom speech difficulties 
appeared in isolation and those for 
whom troubles with speech were con- 
founded by concomitant intellectual 
deficits. Broca also continued to reject 
Trousseau’s position that aphasia is 
almost always accompanied by impair- 
ments in general intelligence, but by 
1869, two years after Trousseau’s 
death, Broca had come to recognize 
that aphemia rarely occurs in isola- 
tion. More often, he acknowledged, the 
articulatory disorder of aphemia is ac- 
companied by difficulties in oral com- 
prehension, reading, and writing." 
This depiction corresponds to current 
views of Broca's aphasia.**** Moreover, 
Broca did not entirely renounce the use 
of Trousseau's aphasia. Recognizing 
the clinical heterogeneity of speech 
and language disorders and perhaps 
accepting that the upstart aphasia was 
entrenched in the literature, Broca 


suggested that Trousseau’s “vague 
term"?99 might be applied in a gen- 
eral way to those patients for whom 
clinieal information was insufficient to 
distinguish among nosological sub- 
types of speech and language disor- 
ders. However, should new clinical 
information arise, then Broca admon- 
ished that the nonspecific designation 
of aphasia ought to be replaced by 
more specific terminology. 

Interestingly, Broca's aphemia has 
also survived. It was revived in En- 
gland by Charlton Bastian?" in the 
1880s and is sometimes used to de- 
scribe a specific articulatory distur- 
bance occasionally noted after small, 
cireumscribed lesions in the vicinity of 
the posterior, inferior left frontal lobe. 
Typically, initial mutism evolves to 
speech that is effortful, slow, and 
dysprosodic.* A similar articulatory 
disturbance usually accompanies Bro- 
ca’s aphasia, but aphemic speech is 
grammatic, and auditory comprehen- 
sion, reading, and writing are intact. 
Broca’s earliest characterization of 
aphemia corresponds to this clinical 
description. Broca viewed aphemics as 
being “no longer able to execute the 
series of methodical and coordinated 
movements corresponding to the de- 
sired syllable. Therefore, that which 
has perished in them is... the faculty 
of coordinating proper movements for 
articulated language. . . "9? Over a 
century later, a similar psychological 
mechanism is espoused: aphemia rep- 
resents “a disturbance of the organi- 
zation of articulatory and motor as- 
pects of speech. 9072» 

The last word on nosology may be as 
much Broca's as Trousseau's. The orig- 
inal aphemia of Broca was clearly a 
disorder affecting only speech produc- 
tion, yet, albeit begrudgingly, Broca 
proposed that the aphasia of Trous- 
seau might well serve as a useful rubric 
for sundry disorders of speech and 
language. Thus, for both aphemia and 
aphasia, Broca's ultimate usage ap- 
proximates that of modern neurolo- 
gists, and his name is immortalized in 
the eponyms Broca's area and Broca's 
aphasia. 
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THE INCIDENCE OF NEURAL TUBE DEFECTS IN THE FETUS MAY BE INCREASED IN MOTHERS RECEIVING VALPROATE DURING THE 
FIRST TRIMESTER OF PREGNANCY. THE CENTERS FOR DISEASE CONTROL ru HAS ESTIMATED THE RISK OF VALPROIC ACID 
EXPOSED WOMEN HAVING CHILDREN WITH SPINA BIFIDA TO BE APPROXIMATELY 1 TO 2% ! THIS RISK IS SIMILAR TO THAT FOR NON- 
EPILEPTIC WOMEN WHO HAVE HAD CHILDREN WITH NEURAL TUBE DEFECTS (ANENCEPHALY AND SPINA BIFIDA! 

ANIMAL STUDIES ALSO HAVE DEMONSTRATED VALPROATE INDUCED TERATOGENICITY Studies in rats and human females 
demonstrated placental transfer of the drug. Doses greater than 65 mg/kg/day given to pregnant rats and mice produced skeletal 
abnormalities in the offspring, primarily involving ribs and vertebrae, doses greater than 150 mg/day apen lo bregnacy rabbits produced 
fetal resorptions and formar) soft-tissue abnormalities in the offspring. In rats a dose-related delay in the onset of parturition was noted 
Postnatal growth and Survival of the progeny were adversely affected. particularly when drug administration spanned the entire gestation and 
early lactation perio 

Ahtiepileptic drugs should not be discontinued in patients in whom the drug is administered to prevent major seizures because of the 
strong possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual cases where the severity and 
frequency of the seizure disorder are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the 
drug may be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor seizures do not pose 
some hazard to the developing embryo or fetus 

The prescribing physician will wish to weigh these considerations in treating or counseling epileptic women of childbearing potential 


PRECAUTIONS 
Hepatic Dysfunction: See BOXED WARNING, CONTRAINDICATIONS AND WARNINGS. 

General: Because of reports of thrombocytopenia, inhibition of the secondary phase of platelet aggregation, and abnormal coagulation 

arameters, platelet counts and coagulation tests are recommended before initiating therapy and at periodic intervals. It is recommended 

t patients receiving DEPAKOTE (divalproex sodium) be monitored for platelet count and coagulation parameters prior to planned surgery 
Evidence of hemorrhage. bruising or a disorder of hemostasis/coagulation is an indication for reduction of the dosage or withdrawal of 
therapy 

Hyperammonemia with or without lethargy or coma has been reported and may be present in the absence of abnormal liver function tests 
If clinically significant elevation occurs, DEPAKOTE products should be discontinued 

Since valproate may interact with concurrently administered antiepileptic drugs, periodic plasma concentration determinations of 
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concomitant antiepileptic drugs are recommended during the early course of therapy. (See DRUG INTERACTIONS) 

Valproate is partially eliminated in the urine as a keto-metabolite which may lead io à false interpretation of the urine ketone test 

There have been reports of altered thyroid function tests associated with valproate. The clinical significance of these is unknown 

Information for Patients. Since DEPAKOTE products may produce CNS depression, especially when combined with another CNS 
depressant (e.g., alcohol), patients should be advised not to engage in hazardous activities, such as driving an automobile or operating 
ginis machinery, until it is known that they do not become drowsy from the drug. 

rug Interactions: Valproate may pointist the CNS depressant activity of alcohol. 

The concomitant administration of valproate with drugs that exhibit extensive protein binding (e g., aspirin, carbamazepine, dicumarol and 

phenytoin) may result in alteration of serum drug concentrations 


Primidone is metabolized to a barbiturate and, therefore, may also be involved in a similar or identical interaction 

THERE HAVE BEEN REPORTS OF BREAKTHROUGH SEIZURES OCCURRING WITH THE COMBINATION OF VALPROATE AND PHENYTOIN. 
MOST REPORTS HAVE NOTED A DECREASE IN TOTAL PLASMA PHENYTOIN CONCENTRATION. HOWEVER. INCREASES IN TOTAL 
PHENYTOIN SERUM CONCENTRATION HAVE BEEN REPORTED. AN INITIAL FALL WITH SUBSEQUENT INCREASE IN TOTAL PHENYTOIN 
CONCENTRATIONS HAS ALSO BEEN REPORTED. IN ADDITION, A DECREASE IN TOTAL SERUM PHENYTOIN WITH AN INCREASE IN THE 
FREE VS. PROTEIN BOUND PHENYTOIN CONCENTRATIONS HAS BEEN REPORTED THE DOSAGE OF PHENYTOIN SHOULD BE ADJUSTED 
AS REQUIRED BY THE CLINICAL SITUATION. 

THE CONCOMITANT USE OF VALPROIC ACID AND CLONAZEPAM MAY PRODUCE ABSENCE STATUS 

There is inconclusive evidence regarding the effect of valproate on serum ethosuximide concentrations Patients receiving valproate and 
ethosuximide, especially along with other anticonvulsants, should be monitored for alterations in serum concentrations of both drugs 

Caution is recommended when valproate is used with drugs affecting coagulation (e.g., aspirin, warfarin). See ADVERSE REACTIONS 

Evidence HARUM that there is an association between the use of certain antiepileptics and failure of oral contraceptives. One explanation 
for this interaction is that enzyme-inducing antiepileptics effectively lower plasma concentrations of the relevant steroid hormones, resulting 
in unimpaired ovulation. However, other mechanisms, not related to enzyme induction, May contribute to the failure of oral contraceptives 
While valproate is not a significant enzyme inducer, and, therefore, would not be expected fo decrease concentrations of steroid hormones. 
Clinical data about the interaction of valproate with oral contraceptives is mmimal. 

Carcinogenesis: Valproic acid was administered to Sprague Dawley rats and ICR (HAVICR) mice at doses of 0, 80 and 170 mg/kg/day for 
two years A valley 0) neoplasms were observed in both species. The chief findings were a statistically significant increase in the incidence 
of subcutaneous fibrosarcomas in high dose male rats receiving valproic acid and a statistically significant dose-related trend tor benign 
pulmonary adenomas in male mice receiving valproic acid. The significance of these findings for humans is unknown. 

Mutagenesis: Studies on valproate have been performed using bacterial and mammalian systems. These studies have provided no 
evidence o! a mutagenic potential for valproate 

Fertility. Chronic toxicity studies in juvenile and adult rats and dogs demonstrated reduced spermatogenesis and testicular atrophy at 
doses greater than 200 m, ky/day in rats and greater than 90 maig in dogs. Segment I fertility studies in rats have shown doses up to 
350 mg/kg/day for 60 en o have no effect on fertility. THE EFFECT OF VALPROATE ON TESTICULAR DEVELOPMENT AND ON SPERM 
PRODUCTION AND FERTILITY IN HUMANS IS UNKNO! 

Pregnancy Pregnancy Category D: See WARNINGS. 

Nursing Mothers, Valproate is excreted in breast milk. Concentrations in breast milk have been reported to be 1-10% of serum 
concentrations. It is not known what effect this would have on a nursing infant. Caution should be exercised when divalproex sodium is 
administered to a nursing woman. 


ADVERSE REACTIONS 
Since divalproex sodium has usually been used with other antiepileptic drugs, it is not possible, in most cases, to determine whether the 
following adverse reactions can be ascribed to divalproex sodium alone, or the combination of drugs. 

Gastrointestinal: The most commonly reported side effects at the initiation of therapy are nausea, vomiting and indigestion, These effects 
are usually transient and rarely require discontinuation of therapy. Diarrhea, abdominal cramps and constipation have been reported. Both 
anorexia with some weight loss and increased appetite with weight gain have also beeg reported The administration of delayed-release 
divalproex sodium may result in reduction of gastrointestinal side effects in some patients 

CNS Effects. Sedative effects have occurred in patients receiving valproate alone but occur most often in patients receiving combination 
therapy. Sedation usually abates upon reduction of other antiepileptic medication Tremor (may be dose-related), ataxia, headache. 
nystagmus, diplopia, asterixis, ‘spots before eyes,’ dysarthria, dizziness and incoordination. Rare cases of coma have occurred in patients 
receiving valproate alone or in conjunction with phenobarbital 

Dermatologic: Transient hair loss, skin rash, photosensitivity, generalized pruritus and erythema multiforme A case of fatal epidermal 
necrolysis has been reported in a 6 month old infant taking valproate and several other concomitant medications 

Psychiatric. Emotional upset, depression, psychosis, aggression, hyperactivity and behavioral deterioration 

Musculoskeletal, Weakness 

Hematologic. Thrombocytopenia and inhibition of the secondary phase of perler aqpepation may be reflected in altered bleeding time, 
petechiae, ruising, hematoma formation and frank hemorrhage (see PRECAUTI! - General and Drug Interactions). Relative 
ymphocytosis, hypofibrinogenemia, leukopenia, eosinophilia, anemia and bone marrow suppression 

epatic: Minor elevations of transaminases (e.g. SGOT and SGPT) and LDH are frequent and appear to be dose related. Occasionally, 
laboratory test results include increases in serum bilirubin and abnormal changes in other liver function tests These results may reflect 
potentially serious hepatotoxicity (see WARNINGS) 

Endocrine: irregular menses, secondary amenorrhea, breast enlargement. galactorrhea and parotid gland swelling. Abnormal thyroid 
function tests (see PRECAUTIONS) 

Pancreatic, Acute pancreas (nee rare fatal cases) 

Metabolic. Hyperammonemia (see PRECAUTIONS) 

Hyperg inemia has occurred and was associated with a fatal outcome in a patient with preexistent nonketotic hyperglycinemia 

Other: Edema of the extremities 


OVERDOSAGE 
Overdosage with valproate may result in deep coma 

The benefit of gastric lavage or emesis will vary with the time since ingestion General supportive measures should be applied with 
particular attention to the maintenance of adequate urinary output 

Naloxone has been reported to reverse the CNS depressant effects of valproate overdosage Because naloxone could theoretically also 
reverse the antiepileptic effects of valproate, it should be used with caution 


DOSAGE AND ADMINISTRATION 
DEPAKOTE tablets and Sprinkle capsules are administered orally, The recommended initial dose is 15 mg/kg/day. increasing at one week 
intervals by 5 to 10 mg/kg/day until seizures are controlled or side effects preclude further increases. The maximum recommended dosage is 
60 mg/kg/day. If the total daily dose exceeds 250 Pg it should be given in a divided regimer, 

Administration of Sprinkle Capsule’ DEPAKOTE Sprinkle capsules may be swallowed whole or may be administered by carefully openint 
the capsule and sprinkling the entire contents on a small amount (teaspoonful) of soft food such as applesauce or pudding. The drug/foo: 
mixture should be swallowed mmeciataiy avoid chewing) and not stored for future use. Each capsule is oversized to allow ease of opening. 

Conversion from DEPAKENE to DEPAKOTE: In patients previously receiving DEPAKENE (valproic xo therapy. DEPAKOTE products 
should be initiatec at the same daily dose and dosing schedyle Atter the patient is stabilized on a DEPAKOTE product, a dosing schedule of 
1wo or three times a mi may be elected in selected patients. 

DEPAKOTE products provide equal extent of absorption, although they may not produce identical trough and peak valproate 
concentrations. DEPAKOTE tablets produce slightly higher peak concentrations than DEPAKOTE Sprinkle capsules. Such differences in the 
maximum and minimum valproate plasma concentrations are unlikely to be of clinical Signiticancet however, changes in dosage 
administration of valproate or concomitant medications should be accompanied by increased monitoring of plasma concentrations of 
valproate and other medications, as well as the patient's clinical status 

he frequency of adverse effects (particularly elevated liver enzymes) may be dose-related The benefit of improved seizure control with 
higher doses should be weighed against the possibility of a greater incidence of adverse reactions. 

A good correlation has not been established between daily dose, serum concentration and therapeutic effect However, therapeutic 
valproate serum concentrations for most patents will range from 50 to 100 mcg/mi. Some patients may be controlled with lower or higher 
serum concentrations (see CLINICAL PHARMACOLOGY) 

aA DEEAKGTE dosage is titrated upward, blood concentrations of phenobarbital and/or phenytoin may be affected (See 
PI IONS) 

Patients who experience G. |, irritation may benefit from administration of the drug with food or by slowly building up the dose from an 
initial low level 
HOW SUPPLIED 
DEPAKOTE Sprinkle capsules (divalproex sodium coated particles in capsules) 125 mg, are white opaque and blue, and are supplied in 
bottles of 100 (NDC 0074-6114-13) and Abbo-Pac® unit dose packages of 100 (NDC 0074-6114-11) 

DEPAKOTE tablets (divalproex sodium delayed-release tablets) are supplied as 

125 mg salmon pmk-colored tablets: 

Bottles of 100 

Mibo-Pach unit dose packages of 


(NDC 0074-6212-13) 
(NDC 0074-6212-11) 


(NOC 0014 50-33] 
(NDC 0074-6214-53 


250 mg peach-colored tablets 
Bottles of 100 

Bottles of 500 

Abbo-Pac® unit dose package of 
100 (NOC 0074-6214-11) 


NDC 0074-6215-13 
NDC 0074-6215-53 


(NDC 0074-6215-11) 


500 mg lavender-colored tablets: 
Bottles of 100 

Bottles of 500 

Abbo-Pac® unit dose packages of 


Store capsules below 86°F (30°C) 
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(bromocriptine mesylate) 


PARLODEL® 
SnapTabs™ (bromocriptine mesylate) TABLETS, USP 
(bromocriptine mesylate) CAPSULES 


INDICATIONS AND USAGE 

Parkinson's Disease 

Parlodel® (bromocriptine mesylate) SnapTabs™ or capsules are indicated in the 
treatment of the signs and symptoms of idiopathic or postencephalitic Parkinson’s 
disease. As adjunctive treatment to levodopa (alone or with a peripheral decar- 
boxylase inhibitor), Parlodel® (bromocriptine mesylate) therapy may provide addi- 
tional therapeutic benefits in those patients who are currently maintained on optimal 
dosages of levodopa, those who are beginning to deteriorate (develop tolerance) to 
levodopa Serao and those who are experiencing “end of dose failure” on levodopa 
therapy. Parlodel® (bromocriptine mesylate) therapy may permita reduction of the 
maintenance dose of levodopa and, thus, may ameliorate the occurrence and/or 
severity of adverse reactions associated with long-term levodopa therapy such as ab- 
normal involuntary movements (e.g., dyskinesias) and the marked swings in motor 
function (*on-off" phenomenon). Continued efficacy of Parlodel® (bromocriptine 
mesylate) therapy during treatment of more than two years has not been established. 


Dataare insufficient to evaluate potential benefit from treating newly diagnosed 
Parkinson's disease with Parlodel® (bromocriptine mesylate). Studies have shown, 
however, significantly more adverse reactions (notably nausea, hallucinations, con- 
fusion and hypotension) in Parlodel® (bromocriptine mesylate) treated patients than 
in levodopa/carbidopa treated patients. Patients unresponsive to levodopa are poor 
candidates for Parlodel® (bromocriptine mesylate) therapy. 


CONTRAINDICATIONS 
Uncontrolled hypertension, toxemia of pregnancy, sensitivity to any ergot alkaloids. 


WARNINGS 

Since hyperprolactinemia with amenorrhea/galactorrhea and infertility has been 
found in patients with pituitary tumors a complete evaluation of the pituitary is indi- 
cated before treatment with Parlodel® (bromocriptine mesylate). 


If pregnancy occurs during Parlodel® (bromocriptine mesylate) administration, 
careful observation of these patients is mandatory. Prolactin-secreting adenomas may 
expand and compression of the optic or other cranial nerves may occur, emergency 
ituitary surgery becoming necessary. In most cases, the compression resolves 

ollowing delivery. Reinitiation of Parlodel® (bromocriptine mesylate) treatment has 
been reported to produce improvement in the visual fields of patients in whom 
nerve compression has occurred during pregnancy. The safety of Parlodel® (bromo- 
criptine mesylate) treatment during pregnancy to the mother and fetus has not been 
established. 


Symptomatic hypotension can occur in patients treated with Parlodel® (bromocrip- 
tine mesylate) for any indication. 


Long-term treatment (6-36 months) with Parlodel® (bromocriptine mesylate) in 
doses ranging from 20-100 mg/day has been associated with pulmonary infiltrates, 
pleural effusion and thickening of the pleura in a few patients. In those instances in 
which Parlodel® (bromocriptine mesylate) treatment was terminated, the changes 
slowly reverted towards normal. 


PRECAUTIONS 

General 

Safety and efficacy of Parlodel® (bromocriptine mesylate) have not been established 
in patients with renal or hepatic disease. Care should be exercised when administer- 
ing Parlodel® (bromocriptine mesylate) therapy concomitantly with other medica- 
tions known to lower blood pressure. 


Parkinson's Disease 
Safety during long-term use for more than two years at the doses required for parkin- 
sonism has not been established. 


As with any chronic therapy, periodic evaluation of hepatic, hematopoietic, cardiovas- 
cular, and renal function is recommended. Symptomatic hypotension can occur and, 
therefore, caution should be exercised when treating patients receiving antihyper- 
tensive drugs. 


High doses of Parlodel® (Bromveripine mesylate) may be associated with confusion 
and mental disturbances. Since parkinsonian patients may manifest mild degrees of 
dementia, caution should be used when treating such patients. 


Parlodel® (bromocriptine mesylate) administered alone or concomitantly with 
levodopa may cause hallucinations (visual or auditory). Hallucinations usually 
resolve with dosage reduction; occasionally, discontinuation of Parlodel® (bromo- 
criptine mesylate) is required. Rarely, after high doses, hallucinations have persisted 
for several weeks following discontinuation of Parlodel® (bromocriptine mesylate). 


As with levodopa, caution should be exercised when administering Parlodel® 
(bromocriptine mesylate) to patients with a history of myocardial infarction who 
havea residual atrial, nodal, or ventricular arrhythmia. 


Retroperitoneal fibrosis has been reported in a few patients receiving long-term 
therapy (2-10 years) with Parlodel® (bromocriptine mesylate) in doses ranging from 
30 to 140 mg daily. 


DRUG INTERACTIONS 

Lack or decrease in efficacy may occur in patients receiving Parlodel® (bromocrip- 
tine mesylate) when they are treated concurrently with drugs which have dopamine 
antagonist activity e.g. phenothiazines, butyrophenones. This may be a problem par- 
ticularly for patients treated with Parlodel® (bromocriptine mesylate) for macro- 
adenomas. Although there is no conclusive evidence demonstrating interactions be- 
tween Parlodel® (bromocriptine mesylate) and other ergot derivatives, the concomi- 
tant use of these medications is not recommended. 


ADVERSE REACTIONS 

Parkinson's Disease 

In clinical trials in which bromocriptine was administered with concomitant reduc- 
tion in the dose of levodopa/carbidopa, the most common newly appearing adverse 
reactions were: nausea, abnormal involuntary movements, hallucinations, confu- 
sion, “on-off” phenomenon, dizziness, drowsiness, faintness/fainting, vomiting, as- 
thenia, abdominal discomfort, visual disturbance, ataxia, insomnia, epression, 
hypotension, shortness of breath, constipation, and vertigo. 


Less common adverse reactions which may be encountered include: anorexia, anxi- 
ety, blepharospasm, dry mouth, dysphagia, edema ofthe feet and ankles, erythro- 
melalgia, epileptiform seizure, fatigue, headache, lethargy, mottling of skin, nasal 
stuffiness, nervousness, nightmares, paresthesia, skin rash, urinary frequency, uri- 
nary incontinence, urinary retention, and rarely, signs and symptoms of ergotism 
such as tingling of fingers, cold feet, numbness, muscle cramps of feet and legs or 
exacerbation of Raynaud's Syndrome. 


Abnormalities in laboratory tests may include elevations in blood urea nitrogen, 
SGOT, SGPT, GGPT, CPK, alkaline phosphatase and uric acid, which are usually tran- 
sientand not of clinical significance. 


DOSAGE AND ADMINISTRATION 

General 

Itis recommended that Parlodel® (bromocriptine mesylate) be taken with food, Pa- 
tients should be evaluated frequently during dose eE EaR to determine the lowest 
dosage that produces a therapeutic response. 


Parkinson’s Disease 

The basic principle of Parlodel® (bromocriptine mesylate) therapy is to initiate treat- 
mentata low dosage and, on an individual basis, increase the dai j dosage slowly 
until a maximum therapeutic response is achieved. The dosage of levodopa during 
this introductory period should be maintained, if possible. The initial dose of 
Parlodel® (bromocriptine mesylate) is V? ofa 2v; mg SnapTab™ twice daily with 
meals. Assessments are advised at two week intervals during dosage titration to en- 
sure that the lowest dosage producing an optimal therapeutic response is not ex- 
ceeded. If necessary, the dosage may be increased every 14 to 28 days by 2/2 mg per 
day with meals. Should it be advisable to reduce the dosage of levodopa because of 
adverse reactions, the daily dosage of Parlodel® (bromocriptine mesylate), if in- 
creased, should be accomplished gradually in small (2/2 mg) increments. 


The safety of Parlodel® (bromocriptine mesylate) has not been demonstrated in dos- 
ages exceeding 100 mg per day. 


HOWSUPPLIED 

SnapTabs™ , 212 mg 

Round, white, scored SnapTabs™, each containing 2/2 mg bromocriptine (as the 
mesylate) in packages of 30 (NDC 0078-0017-15) and 100 (NDC 0078-0017-05). 
Embossed “PARLODEL 242” on one side and scored on reverse side. 


Capsules, 5 mg 

Caramel and white capsules, each containing 5 mg bromocriptine (as the mesylate) 
in packages of 30 (NDC 0078-0102-15) and 100 (NDC 0078-0102-05). Imprinted 
“PARLODEL 5 mg" on one half and *À" on other half. 
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Adverse reactions reported with PARLODEL? (bromocriptine mesylate) are 
similar to those of levodopa; however, significantly more nausea, hallucina- 
tions, confusion and hypotension have been reported in patients treated with 
PARLODEL therapy. Many of these side effects can be ameliorated with dosage 
adjustments. 
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Reminiscences 


On Becoming an Authority 


Charles D. Aring, MD 


he time spent in contemplation dur- 

ing residency years being what it is, 
I venture the surmise that few of our 
residents have considered the framed 
bit from Chaucer's Parlement of 
Foules, gracing a shelf in the neurol- 
ogy library for lo these many years. 
This excerpt is a fit text for my slight 
homily this evening. It runs as follows: 


For out of olde feldes, as men seith, 
Cometh all this newe corn from yere to yere; 
And out of olde bokes, in good feith, 
Cometh all this newe science that men lere. 


Well over a half-century ago, in 
preparation for a regular Saturday 
morning Grand Round in Neurology at 
the Boston (Mass) City Hospital, the 
chief, Stanley Cobb, had drawn a dozen 
mannikins on the large blackboard at 
the front of the room. Cobb, who was 
something of an artist, drew visual 
aids using both hands simultane- 
ously. In addition to the little men of 

„his creation, he had sketched above 
the head of each figure a cord-nerve- 
muscle diagram. The blackboard art 
was promise of another learning exer- 
cise to furbish our developing libraries 
of experience. 

These conferences were well at- 
tended by House and Visiting Staffs, 
by Harvard medical students, and by 
paramedical personnel. After the pre- 
sentation of living examples of some of 
the primary muscular atrophies and 
dystrophies of unknown cause, Cobb 
led a lively discussion, while filling in 
his figures depicting the musculature 





Accepted for publication April 20, 1989. 

From the Department of Neurology, University 
of Cincinnati (Ohio) College of Medicine, and the 
Mayfield Neurological Institute, Cincinnati, Ohio. 

Presented in conjunction with the Fifth Annual 
Charles D. Aring Lecture, Cincinnati, Ohio, May 
26, 1989. 

Reprints not available. 


Arch Neurol—Vol 47, January 1990 


involved, and, in the anatomical dia- 
grams, the lesions. He also indicated 
whether the disorders were primarily 
muscular, or were the reflection of le- 
sions in the nervous system, central or 
peripheral; and whether the diseases 
ran in families or not, and the time of 
life of their usual onset. 

At the foot of each mannikin he en- 
tered the names of the men who had 
first described the conditions or whose 
names had become associated with 
them historically. Thus the eponymic 
designation Charcot-Marie-Tooth, for 
example, was used as frequently as, if 
not more than, peroneal muscular at- 
rophy. 

This may be the place to note that, in 
a modern discussion of these condi- 
tions, a number of them could be omit- 
ted because of our improved under- 
standing over the years. Thus amyoto- 
nia congenita (Oppenheim) is now 
considered a variant of infantile mus- 
cular atrophy (Werdnig-Hoffmann); 
genetic, immune, and metabolic ad- 
vances have uncovered etiologic fac- 
tors in myasthenia gravis and familial 
periodic paralysis. The cause of all the 
conditions in Cobb’s demonstration 
was unknown at the time. 

As the discussion of the dozen disor- 
ders unfolded, it became evident that I 
was not likely to retain much of the 
large material, and my concern in this 
regard extended, to be sure, to the 
medical students and the residents. 

So it was, that after the conference 
I went up to talk to the professor and 
enquire whether he might be willing to 
consider publishing the vast material 
since no one, student, resident, or se- 
nior physician, could be expected to 
encompass all the fare that had been 
spread before us. He demurred, citing 
particularly his demanding schedule 
with which I was familiar. I persisted 


nonetheless, until, perhaps as much to 
terminate what must have been a fa- 
tiguing morning, he said that if I would 
review the literature and write the 
manuscript, he would edit it. This was 
a consummation I was not looking for. 
But there was justice to Cobb’s re- 
sponse, and I was pleased to be re- 
garded as a coadjutor. 

This confrontation occurred early in 
the year of my Chief Residency (1934), 
and accounted for my spending what 
time I could muster during the remain- 
der of that year, reading everything I 
could find (and have translated) on the 
subject. Meanwhile, I examined as 
many of these patients as I could lay 
hands on. I found the literature, 
mainly French and German besides 
English, prodigious, and it was obvious 
that I could not encompass all of it. 
Many is the time I regretted my peda- 
gogical ambition during that year. 

It was not only the manuscript that 
occupied me in the project. The man- 
nikins sketched with chalk had to be 
transposed to an enormous poster for 
photography, eventually occupying 
one wall of the room in which we 
worked. My wife, who possessed an ar- 
tistic bent, took on this aspect of the 
project, sketching the musculature 
primarily involved in the various dis- 
ease states, as well as doing the print- 
ing on the chart. (A copy of this chart 
has been distributed [Figure].) 

Months later, after completing the 
literature review and a description of 
the dozen primary atrophies and dys- 
trophies, I passed along the manu- 
script and chart to Cobb who reviewed 
it and wrote an introduction and dis- 
cussion. He then submitted it to the 
journal, Medicine, where it was 
published.' It was 41 pages in length, 
six of them devoted to references, and 
the monograph was popular, judging 
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The muscles most affected were made solid black, while those often, but not regularly, affected were cross-hatched. This 
figure was chart 2 in the original article. (From Aring and Cobb.). 


from reprint requests. The students 
and residents appreciated it. 

This grubbing work was mainly re- 
sponsible, I believe, for my election to 
the scientific society Sigma Xi, to 
which I was bidden during the year it 
appeared. At that time I was working 
at Yale (New Haven, Conn) with John 
Fulton in neurophysiologic research 
and teaching. 

It was not long before I began to re- 
ceive requests to write on the subject 
for medical compendiums. I had be- 
come an authority! I suppose Cobb was 
considered too busy to bother, which, 
of course, was the case. I protested that 
I was busy too, and, moreover, these 
conditions were not among my pri- 
mary interests. 

While at Yale, I was requested to 
conduct a Neurological Grand Round 
on the muscle atrophies and dystro- 
phies, after which the great neurosur- 
geon Harvey Cushing, who was serving 
his later years as Professor of Neurol- 
ogy there, came from the audience to 
talk. I had made his acquaintance 
while assisting Fulton in operations on 
monkeys, in studies pursuing cerebel- 
lar-cerebral relationships? Cushing 
would drop in to watch the progress of 
our work. Fulton had served on Cush- 
ing’s service at the Brigham Hospital 
(Boston, Mass), as had Cobb. 

Cushing was a gracious elder states- 
man. Among other of his activities, he 
attended the lectures in neurophysiol- 
ogy for freshman medical students, 
which those of us working in the de- 
partment were required to attend. 
Cushing gave a number of these lec- 
tures, which were a privilege to listen 
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to. I remember him particularly, mas- 
terfully discussing the pituitary gland. 

After the Grand Round, Cushing 
said something to the effect that his 
neurology did not encompass much in 
the way of what I had been talking 
about. I thought, but did not say to the 
great man, that neither did mine. But 
I was learning; qui docet discit (he who 
teaches, learns). 

The muscular atrophies and dystro- 
phies continued to haunt me as re- 
quests arrived to write and talk about 
them. A decade or so after working at 
Yale, and shortly after returning to 
Cincinnati (Ohio) from the Depart- 
ment of Neurology, which I founded at 
the University of California, San 
Francisco (1946), I received a call from 
California requesting that I see a pa- 
tient who had been diagnosed as hav- 
ing one of the primary muscular atro- 
phies with a dread prognosis. 

I was never one to consult on pa- 
tients outside my own bailiwick, par- 
ticularly when they resided in the 
vicinity of neurological talent. I said so 
to the physician who was calling, not- 
ing that I had just left San Francisco 
and was prepared to recommend a 
number of California neurologists. He 
said they were aware of that and 
wanted to come to Cincinnati in any 
case; I then tumbled to the idea held by 
my caller that I was considered an ul- 
timate authority on the primary mus- 
cular atrophies, which, of course, I was 
not. 

The patient in question was the chief 
executive officer of a far-flung indus- 
trial empire and the state of his health 
was of overweening concern to his 


company. A second opinion was of the 
essence and they were not about to ac- 
cept “no” for an answer. So I set aside 
a day to study this industrial captain. 
He arrived via company plane with full 
panoply of medical support, more peo- 
ple than could be accommodated in my 
waiting room. 

The gods were kind that day, and the 
time I had reserved turned out to be 
more than enough. He did not have the 
dread disease, and my prescription to 
him and to the company was that he be 
afforded two vacations of respectable 
lengths yearly. For a number of rea- 
sons that need not concern us here, he 
had been considered entirely indis- 
pensable to the welfare of the organi- 
zation, resulting in his not having had 
a holiday for a number of years. I have 
seen this gentleman within the last 
few years and he remains well. 

I thought that this gratifying expe- 
rience was a fitting end to the author- 
ity resulting from my youthful exuber- 
ance, but such was not to be. Some two 
decades later the result of my nascent 
pedagogy struck again, although the 
etiological evidence was not quite so 
impeccable. 

Some 30 years ago, David Oistrakh, 
the great Russian violinist, was per- 
forming with the Cincinnati Sym- 
phony Orchestra. He became ill during 
the performance and at intermission 
was seen by Albert Sabin. Sabin next 
saw him socially, while working in 
Moscow (USSR), concerning the ad- 
ministration of his poliomyelitis vac- 
cine to the citizenry. During one of 
these contacts, or in correspondence, 
Oistrakh asked if he knew of an Amer- 
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ican neurologist who might be able to 
help with Dimitri Shostakovich's pro- 
gressive muscular atrophy. He had 
been afflicted for some years, and had 
reached the stage where he could no 
longer elevate his upper limbs to place 
his fingers on the keys of the piano. He 
could play if someone lifted these 
limbs to position his fingers, in other 
words, his fingers were still function- 
ing and he retained some lateral move- 
ment of his upper limbs. Sabin re- 
sponded that he knew me to be an ex- 
pert neurologist since we had worked 
together over the years on a number of 
neurological problems. 

It did not take long for the Russian 
Embassy to get on my trail and, with 
considerable persistence, to request 
that I go to the Soviet Union to see the 
great composer. I demurred on the ba- 
sis of his having been examined by 
many Russian neurologists, including 
Professor E. V. Schmidt of the Neuro- 
logical Institute of Moscow and, I pre- 
sumed, by every other medical talent 
who had been in his vicinity.Isaid that 
knowledge of disease in general was 
distributed widely in medical centers 
over the world, and that there was no 
therapy of avail excepting as it might 
be supportive. 

As the importuning continued I said 
that my friend, Denis Williams, Senior 
Physician at the National Hospital in 
London (England), might be willing to 
see him since he consulted outside of 
England. I also had been in touch with 
Maitland Baldwin, then in charge of 
the Neurological Institute of the Na- 
tional Institutes of Health, Bethesda, 
Md, who agreed to admit Shostakovich 
for study, in a gesture of good will. I 
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conveyed all of this to those who were 
calling at frequent intervals. Since 
none of these suggestions were making 
much of an impression, I got to won- 
dering whether they had investigated 
me to find my youthful publication. 
Quite obviously, Sabin's word was rea- 
son enough. But I could not account for 
the persistence to the exclusion of 
other neurologists. Nor could I get out 
of my mind Winston Churchill's won- 
derful characterization of the Soviet 
Union as “a riddle wrapped in a mys- 
tery inside an enigma." 

After some months of discussion 
back and forth, one day my Russian 
pursuers asked that if I could not come 
to see Shostakovich, which American 
neurologist would I recommend for 
such a consultation. I thought my 
great and good friend H. Houston Mer- 
ritt might be approached since I had 
known him to do such work before. I 
reinforced the recommendation with 
the fact that he had been among my 
teachers. 

Merritt accepted the challenge and 
asked that A. Earl Walker accompany 
him to cover any neurosurgical impli- 
cation. Merritt later told me of their 
royal reception in the Soviet Union. 
They were taken to the Bolshoi ballet, 
and to concerts and other entertain- 
ment, and considerably enjoyed every- 
thing but Shostakovich's plight. He 
had a form of motor neuron disease to 
which he would succumb a year or two 
later, but not until he had recorded the 
visit in his autobiography,’ noting that 
the American neurologists were of no 
more help to him than the other talent 
he had seen. 

Merritt and Walker departed the 


Soviet Union loaded with gifts, includ- 
ing Shostakovich’s recordings signed 
by him on a happier occasion. A Soviet 
official attempted to press on them a 
roll of US bills of large denomination, 
which they steadfastly refused with 
the word that their journey had been 
undertaken to foster international 
good will. 

This about completes my story on a 
way of establishing medical authority. 
If our residents who are among us this 
evening want to extend their influence, 
I have outlined one of the ways in 
which it may be accomplished. Take a 
medical subject in which no one is 
particularly interested and work it up 
for publication, so that it comes out a 
mite less opaque than before you be- 
came involved. If you are able to in- 
volve your chief, so much the better; it 
will enhance the story and chances of 
publication in a quality journal, to say 
nothing of your reputation. 

It has occurred to me to wonder on 
occasion why the muscles, chronically 
disordered, became the province of 
neurology in the first place. Here is a 
topic that might occupy you exten- 
sively in the medical archives and so, 
likely keep you off the streets. 
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Guidelines for Neuropsychological Research in 


Multiple Sclerosis 


Janis M, Peyser, PhD; Stephen M. Rao, PhD; Nicholas G. LaRocca, PhD; Edith Kaplan, PhD 


* Acquisition of scientific information 
regarding the neuropsychological aspects 
of multiple sclerosis has been hampered 
by studies using small, inadequately de- 
Scribed patient and control samples and a 
wide array of cognitive test procedures 
that hinder multicenter data pooling. 
Based on areview of key issues of clinical 
need and experimental interest, research 
guidelines are proposed for investigations 
in this burgeoning research area. The 
guidelines include suggestions for sam- 
pling methods, population characteriza- 
tion, and control groups as well as a 
recommended core battery of neuropsy- 
Chological tests for use in this population. 
It is hoped that these guidelines will ad- 
vance knowledge about the neuropsychol- 
ogy of multiple sclerosis by helping to 
promote sound experimental design, facil- 
itate cross-study comparison, and encour- 
age multicenter collaborative efforts. 

. (Arch Neurol. 1990;47:94-97) 


uring the past decade a series of 

controlled neuropsychological 
studies from different research centers 
has demonstrated that a substantial 
proportion of patients with multiple 
Sclerosis (MS) experience cognitive 
dysfunction (for comprehensive re- 
views of this literature see references 
1 to 3). These studies have employed a 
wide range of cognitive test procedures 
on disparate and relatively small pa- 
tient samples and control groups. 
While this diversity in research meth- 
odology has the advantage of buttress- 
ing the overall conclusion that pa- 
tients with MS have cognitive prob- 
lems, these small scale studies are 
incapable of addressing specific re- 
search questions concerning the na- 
ture, prevalence, severity, natural his- 
tory, and clinicopathologic correlates 
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of cognitive dysfunction. To address 
these more sophisticated research 
questions, large-scale, multicenter 
studies using common research meth- 
odology will be needed. 

This article was prepared by the 
Cognitive Function Study Group of the 
National Multiple Sclerosis Society, 
New York, NY, for three reasons: (1) to 
highlight eurrent gaps in our scientific 
knowledge base, (2) to identify meth- 
odological pitfalls in conducting neu- 
ropsychological research in MS, and 
(3) to provide research guidelines for 
future investigations. The primary 
goals of these guidelines are to pro- 
mote sound neuropsychological re- 
search in MS, facilitate cross-study 
comparison, and encourage multi- 
center collaborative efforts. 


RESEARCH AREAS 
Prevalence of Cognitive Dysfunction 


Table 1 provides current prevalence 
estimates of cognitive dysfunction in 
patients with MS. It is apparent that 
these statistics are influenced by the 
method in which cognitive function is 
evaluated: neuropsychological testing 
yields higher estimates of impairment 
than the standard clinical neurological 
examination. Whatever the method of 
determination, these prevalence fig- 
ures may overestimate the degree of 
cognitive dysfunction in the general 
MS population, since the samples used 
in the cited studies consisted mostly of 
clinic attenders. Such patients may be 
more affected by the illness than the 
general population. If, as has been es- 
timated, 20% of persons with MS have 
a benign form of the illness,‘ a con- 
certed effort must be made to draw this 
group into studies. This is especially 
the case if information on the fre- 
quency of cognitive dysfunction is to be 
used in responding to patient query at 
the time of diagnosis. There is a press- 
ing need, therefore, for large-scale, 
population-based studies to provide 
accurate prevalence rates for neu- 
ropsychological problems, and to ex- 
amine these rates in the context of 
disease and demographic factors. 

Nature and Severity of Cognitive 
Dysfunction 


Not enough is known about the 
range, nature, and severity of cogni- 


tive deficits in MS. The most commonly 
observed deficits occur on measures of 
recent memory*” and conceptual/ab- 
stract reasoning,?!*'5 while general in- 
telligence, as measured by the Weéchs- 
ler scales, appears to be spared in most 
patients (for a review, see reference 2). 
Some important areas of cognitive 
function, including speed of mental 
processing, sustained attention, lan- 
guage, and visuospatial skills, remain 
almost totally unexplored in this pop- 
ulation, although there have been ex- 
ceptions in the recent literature." 
Even in cognitive functions that have 
been clearly shown to be impaired in a 
large segment of patients with MS, the 
specific level at which the operation is 
disrupted is unknown. For example, it 
is not known whether the memory 
deficits result from encoding, storage, 
or retrieval failure. Comparisons of 
type and severity of cognitive deficits 
in MS with other dementing conditions 
are also relatively absent in the liter- 
ature, although preliminary data are 
beginning to appear.'? The tendency 
of researchers to employ widely dif- 
fering cognitive tasks has hampered 
attempts to characterize the range of 
functions affected and the severity of 
such impairments. 


Natural History of Cognitive Dysfunction 


Virtually nothing is known about 
the natural history of cognitive dys- 
function in MS, including whether 
such deficits are remitting, stable, or 
progressive. Authors of case reports 
have suggested that cognitive dysfunc- 
tion may be the first symptomatic 
manifestation of the disease”; a re- 
cent neuropsychological study of 21 
newly diagnosed patients with MS and 
matched control subjects has provided 
empirical support for these clinical 
observations.” The degree to which the 
course of cognitive disturbance paral- 
lels the neurologic signs and symptoms 
is also not known. Curiously, cross- 
sectional studies have not found mean- 
ingful relationships between degree of 
cognitive disturbance and either dura- 
tion of illness*™*? or degree of dis- 
ability.5242527 

There is a critical need, therefore, 
for controlled, prospective studies, be- 
ginning early in the course of the dis- 


Multiple Sclerosis —Peyser et al 


a 


—. 











Table 1.—Prevalence of Cognitive Dysfunction in Multiple Sclerosis * 


Source, y Method 





















Peyser et al,?* 1980 
*NP indicates neuropsychological. 





ease, to determine the longitudinal 
pattern of neuropsychological impair- 
ments and their relationship to other 
indexes of disease activity, such as se- 
rial magnetic resonance imaging.” 


Clinicopathologic Correlates of 
Cognitive Dysfunction 


Autopsy studies have shown that 
the cerebrum is extensively involved in 
patients with MS,”™ but not until the 
recent introduction of sophisticated 
brain-imaging techniques has it been 
possible to correlate cognitive test per- 
formance with pathophysiologic and 
structural brain abnormalities in MS. 
These recent studies indicate that the 
degree of impairment on neuropsy- 
chological testing is significantly cor- 
related with ventricular size** on 
computed tomography, total area of 
cerebral lesion involvement?" and 
atrophy of the corpus callosum* on 
magnetic resonance imaging, and cere- 
bral hypometabolism*^ on positron 
emission tomography. Further re- 
search is needed to elucidate the pre- 
cise relationships between neuropsy- 
chological impairments and parame- 
ters derived from neuroimaging, 
evoked potentials, immunological func- 
tions, and neurochemistry. 


Impact of Cognitive Dysfunction on 
Daily Life 


The degree to which standardized 
cognitive test results serve as barome- 
ters of everyday life demands is un- 
clear in MS. Franklin et al? noted that 
9 of 12 MS patients with minimal 
physical disability were unable to 
work due to extensive cognitive dys- 
function. Another recent study” deter- 
mined that a subgroup of MS patients 
with cognitive dysfunction were less 
likely to be employed, less likely to en- 
gage in social/recreational activities, 
and required greater personal assis- 
tance than a subgroup of cognitively 
intact patients with MS, despite the 
fact that both subgroups had an equiv- 
alent degree of physical disability. 
Since the influence of cognitive dys- 
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De Smedt et al,“ 1984 NP testing 

Parsons et al,'* 1957 17 NP testing 

Rao et al,* 1984 NP testing 

Surridge,? 1969 108 Mental status examination 61 
Staples and Lincoln,*' 1979 64 NP testing 60 
Lyon-Caen et al,? 1986 30 NP testing 60 
Heaton et al,'* 1985 100 NP testing 56 
Bertrando et al,5? 1983 22 NP testing 55 
Peyser et al,™® 1980 52 NP testing 54 
Kahana et al, 1971 295 Neurologic examination 25 











Neurologic examination 


function on daily life is perhaps the 
most critical question from the pa- 
tients' perspective, it is essential that 
we obtain a better understanding of 
the impact of this form of disability on 
such activities as work, self-care, in- 
terpersonal relationships, and other 
aspects of social life above and beyond 
the physical disabilities associated 
with this illness. 


Need for Brief Assessment Instruments 


A comprehensive neuropsychologi- 
cal examination may take 2 to 6 hours. 
Such a lengthy testing session may be 
necessary to address complicated 
questions associated with disability 
and employment issues, but is imprac- 
tical for screening a large sample of 
patients with MS for routine clinical or 
research purposes. Traditional demen- 
tia screening devices, such as the Mini- 
Metal State* or the unstructured men- 
tal status testing, performed as part of 
the neurological examination, grossly 
underestimate the rate of cognitive 
dysfunction in patients with MS. 
Consequently, a brief instrument de- 
signed to be administered by neurolo- 
gists and clinic personnel is required to 
Screen patients in need of more com- 
prehensive neuropsychological test- 
ing. Such an instrument might also be 
used to monitor treatment response in 
clinieal trials. Development of such 
instruments is possible but would re- 
quire validation studies based on more 
extensive cognitive evaluations. 

Treatment of Cognitive Dysfunction 


Research in MS has lagged behind 
that in other brain-damaged popula- 
tions in evaluating technologies for 
treating cognitive dysfunction via 
compensatory strategies, remediation, 
and pharmacotherapy. Only one pub- 
lished study? has attempted to treat 
memory deficit in MS through phar- 
macological manipulation. We are 
aware of only one ongoing study, at the 
Albert Einstein College of Medicine, 
Bronx, NY, designed to evaluate the 
effects of a computer-assisted memory 
remediation program in patients with 


MS. The recent introduction of Patient 
Management Technology Grants -by 


'the National Multiple Sclerosis Soci- 


ety may help to encourage further re- 
search in this important area. 


RESEARCH METHODOLOGY 


The following are suggestions for 
improving experimental design and 
data report. 


Diagnostic Criteria 


The Poser et al* criteria are recom- 
mended as best reflecting the current 
state of the art in diagnosis of MS. Pa- 
tients not meeting the criteria for def- 
inite or probable MS should be ex- 
cluded from cognitive evaluation, un- 
less the specific goal of the study is to 
examine patients early in the disease 
course. Such patients may need to be 
tested prior to obtaining a formal di- 
agnosis. Case acquisition may begin 
with a single sign or symptom consid- 
ered typical of MS, such as optic 
neuritis,” with subsequent inclusion 
being determined by laboratory sup- 
ported or clinical diagnosis at a later 
point. 


Sampling Methods 


Previous studies have relied on rel- 
atively small samples likely to reflect 
the particular characteristics of the 
institutions from which they were 
drawn. Other studies have relied on 
cases referred for neuropsychological 
evaluation for clinical reasons, thus 
introducing considerable bias. Obvi- 
ously, the particular sampling meth- 
ods employed will depend on the design 
of a given study but some general 
statements are in order. 

As indicated previously, population- 
based samples are recommended for 
prevalence studies. In these instances, 
selection techniques must take into 
account variations in disease severity 
so that persons seen by health care 
providers only at the time of diagnosis 
are not systematically excluded. Over- 
all, considerable attention is needed in 
selecting samples with wide generaliz- 
ability, noting any and all potential 
biases introduced by sampling meth- 
ods. In studies where a skewed sample 
may be of interest, for example, pa- 
tients with a chronic progressive 
course, the nature of the sampling bias 
must be clearly described and statisti- 
cal information comparing the sample 
with the demographic and disease-re- 
lated characteristics of the general 
population would be useful in deter- 
mining the generalizability of the find- 
ings. 


Patient Characterization 


The issue of disease variability, an 
especially thorny problem in MS re- 
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Cognitive Function 


Table 2.—Core Battery of Neuropsychological Tests * 





Neuropsychological Test 











Global dementia screen 
General fund of information 
Attention / concentration 


Memory 


Language 


Visuospatial Functions 


Abstract / Conceptual Reasoning 






* WAIS-R indicates Wechsler Adult Intelligence Scale-Revised; WMS-R, Wechsler Mejory Scale-Revised. 


Abbreviated Hooper Visual Organization Test®+ 











Mini-Mental State Examination*' 
Information subtest from WAIS-R5* 
Symbol Digit Modalities Test**t 
Auditory A's; Auditory Trials A55 
Paced Auditory Serial Addition Test*^t 
Modified Stroop Test®® 

Logical Memory from WMS-R** 
California Verbal Learning Test*?t 
7/24 Spatial Recall Test**'t 
Abbreviated Boston Naming Test’? 
Controlled Oral Word Association Test*?t 
Abbreviated Token Test*? 














Modified Block Design subtest from WAIS-R®™ 
Wisconsin Card Sorting Test** 

Raven's Standard Progressive Matrices*5t 
Comprehension subtest from WAIS-R5* 







tHas alternate, equivalent forms for repeated testing. 


Administration is optional. 


search, may be best addressed through 
exquisite population definition. It is 
essential that investigators strive 
from completeness and comparability 
in the way patient samples are de- 
scribed. The most critical parameters 
of patient characterization include de- 
mographics (age, education, gender); 
specification of the diagnosis by cate- 
gory according to the Poser et al 
criteria“; and length of illness quanti- 
fied in years since formal diagnosis and 
years since onset of the first symptom. 
The disease should also be charac- 
terized by course, disease activity, and 
disease severity. At minimum, pa- 
tients should be classified as having a 
relapsing-remitting or chronic pro- 
gressive course, a distinction that has 
proved useful in previous neuropsy- 
chological studies in MS.'*'5 A finer 
subtyping might include the categories 
of benign, benign relapsing-remit- 
ting, progressive relapsing-remitting, 
chronic progressive, and acute pro- 
gressive. Disease activity, ie, clinical 
remission vs exacerbation, should be 
determined insofar as possible, since 
this may be a significant factor in cog- 
nitive test performance.‘ Level of neu- 
rologic impairment and physical hand- 
icap may be defined along a number of 
parameters, including the Minimal 
Record of Disability“ and the Kurtzke 
Expanded Disability Status Scale.“ 
Attention should also be paid to 
psychological status including major 
psychiatric diagnoses and psychoac- 
tive medication usage; such factors 
may influence cognitive test scores." 


Control Groups 


Use of a control group is often a piv- 
otal element of careful experimental 
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design. Because MS is in many ways a 
unique neurologic disease, no single 
control group is ideal in addressing all 
research questions. Thus control group 
selection will depend on the nature of 
theindividual study, with considerable 
variability from investigation to in- 
vestigation. Factors that might be con- 
sidered critical for gaining adequate 
experimental control include level of 
physical disability, involvement of 
higher brain functions, relapsing 
course, and immunoregulatory deficit. 

Neuropsychological testing is influ- 
enced by premorbid interindividual 
differences in intellectual ability, 
which may be roughly estimated using 
demographic variables'5 consequent- 
ly, a minimal requirement is for the 
control group to have similar age, edu- 
cation, and sex distributions as the MS 
group. 


COGNITIVE MEASURES 


The key to any set of guidelines for 
collaborative neuropsychological in- 
vestigations is uniformity in the selec- 
tion, administration, and scoring of 
cognitive tests. Thus, it is highly de- 
sirable to propose a common battery of 
neuropsychological tests for use in MS 
research. The rationale for such a bat- 
tery is obvious: a large, centralized 
data pool could be accumulated for es- 
timating prevalence, validating a brief 
cognitive test, comparing one popula- 
tion or subtype of MS patients with 
those drawn from another center, and 
so on. On the negative side, differences 
in training, experience, and philosophy 
of neuropsychologists would seem to 
make agreement on a single battery of 
tests an almost insurmountable hur- 
dle. Further, a lengthy fixed battery 


might obliterate the originality and 
independence of research and actually 
inhibit innovation in the field. 

What is being proposed, then, is a 
core group of tests that would serve as 
a minimal basis for comparison of 
findings across centers and studies. At 
the same time this core battery would 
be brief enough that individual inves- 
tigators will still have ample opportu- 
nity to explore their own unique re- 
search questions with measures of 
their choice. 

This core battery (Table 2) was as- 
sembled following the suggestions of 
neuropsychologists with wide experi- 
ence in evaluating patients with MS in 
clinical and research settings. Several 
theoretical and methodologic concerns 
were taken into account in choosing 
the measures. The most basic consid- 
eration was that the battery survey all 
major areas of cognitive functioning, 
while adhering as closely as possible to 
a2-hour time limit. Within this frame- 
work, consideration was given to tests 
of demonstrated reliability and valid- 
ity in clinical and experimental use. 
The criteria for selection included the 
ability of the task to yield both quan- 
titative and qualitative performance 
data, thus permitting both absolute 
and process analyses. Given the need 
for longitudinal research, special at- 
tention was also paid to the influence of 
repeated testing and availability of al- 
ternate forms. Tests heavily depen- 
dent on fine visual acuity, motor speed, 
or coordination were eliminated or 
modified. Measures that could not be 
easily adapted by centers not already 
using them were also dropped from 
consideration. The final selection in- 
cluded a range of task difficulty, with 
items of sufficient sensitivity to detect 
subtle deficits in high-functioning in- 
dividuals as well as a basic survey 
measure so that more grossly impaired 
persons are not systematically ex- 
cluded from data collection. 

The availability of normative data, 
which facilitates interpretation and 
assignment of clinical meaning to test 
results, is sometimes a factor in re- 
search test selection. Such standard- 
ized scores and cut-off points may even 
substitute for a control group in some 
instances. In developing this core bat- 
tery, the need to survey all areas and 
functional systems of the brain within 
a 2-hour time limit meant that abbre- 
viated forms of tests had to be devised 
in some cases. These abbreviations will 
in turn necessitate use of normal con- 
trol groups. While such groups are al- 
ways the best safeguard against re- 
gional population differences, at some 
point centers may want to consider es- 
tablishing a normal control data pool 
for this battery. 
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To aid investigators interested in 
using this battery and further ensure 
uniformity of result, a packet of mate- 
rials, including standardized instruc- 
tions for administration, stimulus ma- 
terials, and data recording forms, is 
available at cost through the Research 
and Medical Programs Department, 
National Multiple Sclerosis Society. 
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Affective Disorders in Multiple Sclerosis 


Review and Recommendations for Clinical Research 


Sarah L. Minden, MD, Randolph B. Schiffer, MD 


€ This review of research on affective 
disorders in multiple sclerosis was pre- 
pared by members of the Cognitive Func- 
tion Study Group of the National Multiple 
Sclerosis Society (New York, NY) to cal! 
attention to the prevalence and serious- 
ness of emotional disturbances in multiple 
sclerosis, and to encourage further inves- 
tigation of these syndromes. We present 
English-language studies of euphoria, 
pathological laughing and weeping, de- 
pression, and bipolar disorder, describe 
methodological limitations, and suggest 
areas for future clinical research. 

(Arch Neurol. 1990;47:98-104) 


ince the time of Charcot, clinical in- 

vestigators have attempted to de- 
termine the prevalence and patho- 
physiology of emotional symptoms 
among patients with multiple sclerosis 
(MS). Most have found emotional dis- 
turbances to be highly prevalent and 
many have argued that too little at- 
tention has been paid to this aspect of 
the disease. The statement made in 
1926 by Cottrell and Wilson' would 
still find considerable support today: 
“The conclusion is, that no single 
symptom of the neurological series 
(nystagmus, tremor, scanning speech, 
paraesthesiae, spasticity, amaurosis, 
etc), occurs with anything like the 
same frequency in an unselected cen- 
tury of cases of the disease, and that 
the cardinal symptoms are not neuro- 
logical, in its limited sense [italics 
ours], but belong to the emotional, af- 
fective, and visceral spheres, and are 
constituted by: 1. Change in mood; 2. 
Change in bodily feeling; 3. Change in 
emotional expression and control.” 
There are important implications for 
patient care in the lack of attention 
paid to the emotional aspects of MS. 
Only a fraction of patients with psy- 
chiatric disorders generally receive 
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adequate treatment for their symp- 
toms even though a number of highly 
effective treatments are now avail- 
able.? The cost in unnecessary personal 
suffering and lost productivity of un- 
diagnosed and untreated depression 
Should not be underestimated. We be- 
lieve that the emotional dimension of 
the disease is of great heuristic and 
clinical importance, and deserves con- 
tinued attention from both investiga- 
tors and clinicians. 





For editorial comment see p 18; 
see also p 94. 





This review of research on affective 
disorders was prepared by members of 
the Cognitive Function Study Group of 
the National Multiple Sclerosis Soci- 
ety (New York, NY) as a companion 
article to a review of cognitive func- 
tioning in patients with MS. Affective 
or mood disorders are abnormal emo- 
tional states such as depression, anxi- 
ety, or mania that are accompanied by 
disturbances of sleep and appetite as 
well as by characteristic patterns of 
thought and behavior. While patients 
with these disorders may complain of 
memory loss, poor concentration, and 
changes in their usual ways of think- 
ing, these symptoms are secondary to 
and reversible with treatment for the 
primary mood disturbance. Cognitive 
disorder, when used in regard to MS, 
generally refers to an irreversible im- 
pairment of such intellectual functions 
as memory, judgment, problem solv- 
ing, and abstract reasoning and in- 
volves a mood disturbance only insofar 
as the patient experiences an emo- 
tional reaction to perceived deficits.’ 
We summarize current knowledge of 
affective disorders in MS, point out 
methodological shortcomings, and 
make recommendations for future re- 
search. Tables 1 through 3 outline the 
articles that we reviewed. 


EUPHORIA 


The term euphoria has often been 
used loosely to characterize almost any 


form of emotional disturbance in MS 
and, unfortunately, is still considered 
to be a hallmark of the disease. Eu- 
phoria has a variety of meanings, and 
unsystematic usage has contributed to 
widely divergent estimates of its prev- 
alence and to distorted clinical impres- 
sions of the "typical" patient with MS. 
Euphoria should be distinguished, on 
the one hand, from hypomania and 
mania, with their associated symp- 
toms of hyperactivity, pressured 
speech, and racing thoughts, and, on 
the other, from the pathological laugh- 
ing and weeping that occurs when pa- 
tients are unable to control their out- 
ward expression of emotion. The most 
cogent definition of euphoria is still 
found in the article by Cottrell and 
Wilson’: a sustained “mental state of 
cheerfulness, happiness, ease” in 
which patients appear “serene and 
cheerful,” report feeling physically fit 
and healthy, and exhibit “an optimism 
as to the future and the prospects of 
ultimate recovery which is out of 
place and incongruous.” Euphoria in 
MS is not a fluctuating emotional state 
or a reversible mood but rather a per- 
sistent frame of mind and outlook, an 
apparent and permanent change in 
personality. The patient’s demeanor is 
striking, not only because it is differ- 
ent from before, but because of an ex- 
traordinary dissociation between cog- 
nition and emotion: a patient with MS 
may be fully cognizant of his incapac- 
itating disability but does not display 
the emotional responses one would 
normally expect. Some authors‘ 
have pointed out that euphoric pa- 
tients’ inner feelings may differ from 
their outward appearance, and that 
significant unhappiness and depres- 
sion may be missed if not inquired 
about directly. 

There is no consensus on the preva- 
lence of euphoria in MS, with esti- 
mated rates ranging from a high of 
63% to a low of 0%'*" (Table 1). This 
variation in prevalence rates probably 
results both from the biological vari- 
ability characteristic of MS and from 
differences between the samples in se- 
verity and duration of illness. Some of 
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Table 1.— Clinical Reports on Euphoria in Multiple Sclerosis (MS)* 


Duration of MS 


_——$_ 


Percent of 


Subjects (N) Years Subjects 


Preva- 
lence, Refer- 
Method % ence 


Severity 
of MS 








Consecutive MS 0-5; 6-9; 51; 29; 16; 
clinic patients 10-19; 4 
(100) 20+ 

No control 
subjects 


Unknown 


Structured 63 1 
interview 








Chart review of Unknown 
definite MS 
cases over 11 


years (199) 


Unknown 


Chart review 





All MS patients in 
hospital (28) 


0-5; 6-9; 
10-19; 
20+ 


33; 17; 
35; 15 


No control subjects 


Subjects required Structured 


long-term care interview 


hospital 





MS patients (75) Unknown 


No control subjects 

Random MS clinic 
patients, 
excluding most 
severe (100) 

Matched neurologic 
control subjects 
(100) 


Unknown 


Unknown 


Interview 





Mild, 43%; 


Structured 
moderate, interview 
39%; severe, 


18% 





Female MS 0-5; 6-10; 47; 26; 


15; 9; 3 


patients (34) 


Matched normal 
control subjects 
(100) 


Minimal, 20%; 


In-depth 
interviews, 
MMPI 


mild, 15%; 
moderate, 
30%; severe, 
35% 





MS patients (108) 0-5; 6-10; 
11-15; 


16-25 


15; 54; 
23; 8 


Muscular dystrophy 
control subjects 
(39) 


Minimal, 23%; 


2 in-depth 
interviews, 
moderate, informant 
38%; severe, interview, 
32% mental status 
examination 


mild, 7%; 





MS patients in 
Israel: record 
reviews of those 
dying 
1960-1966; 
interviews of 
those living in 
1966 (295) 


Unknown 


Record review, 
unstructured 
interview 





Consecutive MS x86 + 6.8 
clinic patients 
without dementia 
(87) 
Spinal cord injury 
control subjects 
(16) 


Unknown 


GHQ 
administered 
monthly for 1 y 





* MMPI indicates Minnesota Multiphasic Personality Inventory; GHQ, General Health Questionnaire. 


the higher rates of euphoria come from 
studies in which a large proportion of 
the patients were in advanced stages of 
the disease.*^ Differences may also re- 
sult from a lack of reliable and stan- 
dardized methods for conducting clin- 
ical interviews and for defining and di- 
agnosing euphoria. 

There is consensus, however, that eu- 
phoria is a neurologically based emo- 
tional state, produced by demyelina- 
tion, and nota psychological process.'^* 
The few pathological reports that are 
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available suggest that these behav- 
ioral and emotional abnormalities are 
related primarily to lesionsin the fron- 
tal lobes, basal ganglia, and parts of 
the limbic system.''^ Clinical re- 
searchers have found that euphoria is 
associated with such disease character- 
istics as severe disability, long dura- 
tion of symptoms, chronic progressive 
type of MS, enlarged ventricles on com- 
puted tomographic scan, and cognitive 
impairment.** It is not associated with 
disease involving only the spinal cord, 





Table 2.—Clinical Reports on 
Pathological Laughing and Weeping in 
Multiple Sclerosis * 


MS Patients/ 
Control 
Subjects, 
N Prevalence Reference 

100/0 

199/0 

28/0 
100/ 100 
108/39 


* Subjects and method are described in Table 1. 








nor with depressive states.* 

There is no known treatment for eu- 
phoria. Although it is usually neither 
an unpleasant state for patients and 
families nor perceived by them as ab- 
normal, both may benefit from know- 
ing that it is not uncommon and that it 
is part of the disease process. 


Summary 


Euphoria is an abnormal, neurolog- 
ically based emotional state that is 
found primarily in patients with ad- 
vanced, disseminated disease. Its nat- 
ural history and true prevalence re- 
main unknown. The neuroanatomy is 
presently presumed to involve exten- 
sive bilateral and subfrontal demyeli- 
nation and scarring that isolate limbic 
and diencephalic centers from pre- 
frontal modulation. This will require 
confirmation with magnetic resonance 
imaging and other scanning tech- 
niques. 


Recommendations 


No major advance concerning ques- 
tions of epidemiology, anatomy, and 
treatment can be made until some 
reasonably objective measuring scale 
for euphoria becomes available. Devel- 
opment and testing of such a scale 
should be the first priority for research 
in this area. 


PATHOLOGICAL LAUGHING 
AND WEEPING 


Like euphoria, pathological laugh- 
ing and weeping is a neurologically 
based condition. Unlike the emotional 
lability seen in certain psychiatric pa- 
tients who suffer from rapid oscilla- 
tions of inner feelings, the emotional 
dysregulation syndrome of MS in- 
volves only the display of emotion and 
not the subjective emotional state ex- 
perienced by the patient. Patients may 
laugh or weep with slight provocation, 
regardless of their underlying mood, 
as if a disconnection had arisen be- 
tween neuronal centers involved in 
perceived emotion and those involved 
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Table 3.— Clinical Reports on Depressive and Bipolar Disorders in Multiple Sclerosis (MS) * 


Duration of MS 
A 














































































% of Severity 
Subjects (N)t Years Subjects of MS Methods Prevalence, %$¢ Reference 
10 (D), 10 (D)8 
18 (D), 25 (D)8 
75/0 20 (D) 10 
100/ 100 45 (D)8 8 
34/34 MMPI depression score 11 
higher in MS patients 
108/39 27 (D) 
6 (D) 9 
87/16 zu KOR athe TY 47 (emotional disturbance) 6 
MS patients without dementia 0-4; 5-9; 20; 53; Minimal, 47%; Unstructured 57 (D), 53 (D)§; BDI 22 
(30) 10-14; 13; 13 mild, 40%; interview, BDI scores higher in MS 
15+ moderate, patients 
10%; severe, 
3% 
Matched neurologic control 
subjects (30) 
Consecutive intellectually and x99 + 6.2 DSS x 4.6 + 2.3 GHQ administered Emotional disturbance in 26 
physically able MS patients monthly for 1 y 92% of patients with 
(64) active disease and in 
39% of patients in 
remission 
Unmatched spinal cord injury 
control subjects (23) 
MS patients in remission (15) Unknown U MMPI Depression scale higher in 28 


MS patients in exacerbation 

(15) 

Patients with cerebral MS (15) 
or spinal MS (15), all 
physically and intellectually 
able with no premorbid 
nonaffective mental illness 

Normal control subjects (15) 

Consecutive clinic patients with 
spinal MS (120) 

No control subjects 





Unknown 








X13.3 + 9.2 








Unknown 
BDI 


DSS x 5.3 + 








All patients in county with MS Unknown 
and bipolar disorder (10) 

Consecutive MS clinic patients Unknown 
without dementia (100) 

No control subjects 

Consecutive ambulatory 11.3°+ 7.7 


MS inpatients or outpatients 
(50) 
No control subjects 


Unknown SADS; RDC 





DSS x 5.3 + 1.9 
HDRS 





DSS x 4.2 + 2.1 


BDI 





SADS-L; DSM-III, 


SADS-L; RDC; BDI; 


In-depth interview; 
SADS-L; RDC; 























exacerbation group 





















37 (D) §; more depressive 
episodes in cerebral 
group 


















x22.03 + 11.4 







Bi higher than expected 






14 (D), 25 (D)§, 13 (Bi) 24 
42 (D)|, BDI x 11.1 + 
8.5, HDRS x 8.4 + 5.5 








54 (D)§||; BDI; x 12.7 
+ 8.4 











* DSS indicates Kurtzke Disability Status Scale; MMPI, Minnesota Multiphasic Personality Inventory; BDI, Beck Depression Inventory; GHQ, General Health Question- 
naire; SADS-L, Schedule for Affective Disorders and Schizophrenia, Lifetime Version; DSM-III, American Psychiatric Association, Diagnostic and Statistical Manual, 3rd 
ed; RDC, Research Diagnostic Criteria; and HDRS, Hamilton Depression Rating Scale. 

TSubjects (MS patients / control subjects) and method of first nine reports are described in Table 1. 

$Current prevalence rate of depression (D), except where noted, and lifetime prevalence rate of bipolar disorder (Bi). 


SPrevalence rate since onset of MS. 
||Lifetime prevalence rate. 


in displayed emotion. Pathological 
laughing and weeping may overlap 
with euphoria, but may also be found 
in noneuphoric patients. 

Accurate prevalence rates for 
pathological laughing and weeping 
among patients with MS are unknown 
(Table 2). Cottrell and Wilson! found 
that 9575 of their patients had some 
defect of emotional regulation. In 
Pratt’s series,’ 22% of the patients 
were found to laugh more easily, and 
29% to cry more easily since the onset 
of MS. Langworthy et al’ and Surridge* 
found that 7% to 10% of patients 
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reported exaggerated emotional ex- 
pression. These last estimates fit well 
with our own clinical experience. 

The neuroanatomical basis of patho- 
logical laughing and weeping is not 
fully understood. One retrospective 
study found that damage to the right 
hemisphere in right-handed persons 
was more likely to produce pathologi- 
cal emotionality," but other authors 
believe that bilateral damage is 
needed. Clinical studies in stroke pa- 
tients implicate pontine brain-stem 
lesions or lesions connecting the mid- 
dle right cerebral hemispheres with 


the pons.!”'8 

Pathological laughing and weeping 
may respond dramatically to low-dose 
amitriptyline, 25 to 75 mg per day.” 
Levodopa has also been found useful 
according to two anecdotal reports.” 


Summary 


Pathological laughing and weeping 
is a neurological syndrome of emo- 
tional dyscontrol that is probably 
caused by disconnection of diencepha- 
lic or brain-stem centers from right 
hemisphere or frontal control. It can 
be functionally disabling and should 
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be treated either with low-dose am- 
itriptyline or levodopa. 


Recommendations 


The neuroanatomic basis of patho- 
logical laughing and weeping remains 
to be specified. In addition, better def- 
inition of neurotransmitter systems 
that might be involved in the thera- 
peutic response to amitriptyline and 
levodopa may provide important in- 
sights into the neurochemistry of emo- 
tional control. 


DEPRESSION 


The first studies to focus primarily 
on depression in MS did not appear 
until the 1950s (Table 3). Estimates of 
point prevalence rates for significant 
depression among patients with MS 
have been reported to be as low as 6%” 
to 10%,' but studies using a variety of 
reliable and valid methods of measure- 
ment suggest that the true range is 
somewhere between 27% and 
54% 2582224 Typically, depressions in 
MS are moderately severe?” and pa- 
tients are angry, irritable, worried, 
and discouraged, rather than self-crit- 
ical, withdrawn, and disinterested.’ 
Suicide rates are unknown, although 
Kahana et al’ found that 3% of 295 pa- 
tients surveyed in 1960 had died by 
suicide by 1966. Surveys conducted be- 
tween January 1985 and December 
1986 of 136 631 persons with MS in two 
chapters of the National Multiple Scle- 
rosis Society found that 21 people had 
committed suicide (Byron Waksman, 
MD, personal communication, 1989). 
Depression also has a significant ad- 
verse effect on patients' functioning at 
work and on their family and social 
lives.” 

The vexing question for clinical re- 
search has been the nature of the 
association between depressive states 
and the neurological disease. Is de- 
pression a neurologically based disor- 
der like euphoria or pathological 
laughing and weeping? Or is it a psy- 
chological response to a serious ill- 
ness? Research evidence in support of 
the former point of view includes the 
following: patients with MS have more 
depressive disturbances than do the 
general population, normal control 
subjects,’ patients with various 
medical? and neurological” illnesses, 
and patients with non-central nervous 
system disabling disorders such as 
spinal cord injury* or amyotrophic 
lateral sclerosis.” Patients with MS 
with primarily cerebral disease appear 
to have greater rates of depression 
than do patients with primarily spinal 
cord disease.‘ The observation that 
patients in exacerbation are more de- 
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pressed than patients in remission 
is more ambiguous in its etiologic im- 
plications. Similarly, the finding that 
depressive episodes precede the onset 
of MS may suggest a neurologic 
cause, but whether such events are 
more frequent among patients with 
MS than the general population is 
unclear.’ 

Other data, however, seem to argue 
against a simple biological explana- 
tion for depression in MS. Surridge? 
found that the rate of depression in his 
sample of patients with MS was sta- 
tistically similar to that of a control 
group of muscular dystrophy patients, 
and he claimed that depression in MS 
was a psychological reaction to the ill- 
ness. However, the muscular dystro- 
phy patients were more physically and 
socially disabled, objective diagnostic 
measures were not used, and close ex- 
amination of his data indicates a 
strong trend toward more frequent 
depressive episodes among the pa- 
tients with MS. Minden et al? and Rab- 
ins et al* found that, respectively, de- 
pression and emotional distress were 
unrelated to such neurological fea- 
tures as severity and type of disability, 
type of MS, and duration of symptoms. 
Whitlock and Siskind” and Mclvor et 
al? also found that the duration of 
symptoms was unrelated to depres- 
sion, although in their samples, dis- 
ability was associated. Minden et al? 
and Joffe et al? both showed that 
depression in first-degree relatives 
was not more common among MS pa- 
tients with unipolar major depression 
than among MS patients without ma- 
jor depression, making it unlikely that 
unipolar depression in MS can be ex- 
plained by an inherited tendency to 
develop this primary affective disor- 
der. In sum, these findings indicate 
that major depression in patients with 
MS cannot be predicted either by man- 
ifestations of the underlying disease 
process such as disability, duration of 
symptoms or pattern of illness or by a 
family history of a primary affective 
disorder. 

Of course, the results of these clini- 
cal studies neither prove nor disprove 
the presence of a biological connection 
between MS and depression, and psy- 
chodynamic explanations could also be 
invoked, for example, to account for 
the association between depression 
and exacerbation: depressive symp- 
toms could result not from disease ac- 
tivity but from discouragement and 
fear. Indeed, a multifactorial etiology 
is most likely. 

New technologies such as magnetic 
resonance imaging may help delineate 
neuroanatomic links between mood 


disorders and central nervous system 
changes due to disease. Although few 
investigators have yet attempted to 
apply this technology to the clinical 
problem of affective disturbances 
among patients with MS, Honer and 
colleagues?! performed magnetic reso- 
nance imaging scans on eight MS pa- 
tients with psychiatrie disorders, six 
of whom had bipolar or unipolar de- 
pression, and on eight matched 
nonpsychiatric control subjects. They 
found that although the two groups did 
not differ with regard to total MS 
plaque volume, the psychiatric group 
had a greater proportion of plaques 
within temporal lobe structures." 

As mentioned earlier, in spite of the 
frequency of depression among pa- 
tients with MS, few receive adequate 
treatment. Minden et al? found that 
while 40 of 50 patients had a psychiat- 
ric disorder in the past year, only 24 
received any form of treatment. Given 
the combined stress of MS and psychi- 
atric symptoms, it is unfortunate that 
only 16 of the patients had more than 
2 weeks of psychotherapy. Corre- 
spondingly, there are few studies of 
treatment for affective disorders in 
MS. Schiffer and Wineman? conducted 
a double-blind, placebo-controlled 
study of desipramine in 28 MS patients 
with major depression and found sig- 
nificantly greater improvement in the 
desipramine-treated patients. Regret- 
tably, 30% to 40% of patients experi- 
enced side effects at doses of 125 mg per 
day or greater. 

The value of psychotherapy in treat- 
ing depressed MS patients has been 
addressed to a limited extent. 
Schiffer” described three psychother- 
apeutic strategies that could be used 
by neurologists with their MS pa- 
tients. Studying these strategies in 20 
patients, he concluded that the out- 
come was better for patients with ac- 
tive disease than for those with no 
major new disease activity, regardless 
of treatment approach. Controlled 
studies of insight-oriented group psy- 
chotherapy and cognitive-behavior 
group therapy have shown improve- 
ment in depression with these 
techniques.™?5 

There are methodological problems 
with most research on depression in 
MS. As Table 3 demonstrates, most re- 
searchers have selected their patients 
in a nonrandom fashion or have drawn 
them from teaching hospitals and clin- 
ics rather than from the general pop- 
ulation of patients with MS; many ex- 
cluded the most severely disabled and 
cognitively impaired patients. Few 
studies have used control subjects and 
in only one” were the investigators 
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blind to the condition of the patients. 
Indeed, determining what kind of pop- 
ulation constitutes an appropriate 
control group is itself a major meth- 
odological conundrum: while control 
subjects may have disabilities compa- 
rable with those of the MS patients (eg, 
spinal cord injury), they generally will 
not experience such other central fea- 
tures of MS as unpredictable and fluc- 
tuating symptoms. Finally, in early 
studies, identification of depressive 
symptoms depended entirely on the 
interviewing skills and clinical judg- 
ment of a particular evaluator, and the 
criteria by which depression was diag- 
nosed were usually unspecified and 
subjective. This makes it impossible to 
know if one investigator’s sample of 
depressed patients has the same clin- 
ical characteristics as another’s sam- 
ple of depressed patients. A number of 
more recent studies (Table 3) have 
overcome this central limitation by 
using structured interviews such as 
the Schedule for Affective Disorders 
and Schizophrenia and the Hamilton 
Depression Rating Scale,***’ reliable 
and valid diagnostic criteria such as 
the Research Diagnostic Criteria% or 
the Diagnostic and Statistical Manual 
of Mental Disorders, (DSM-III),* and 
self-report rating scales like the Beck 
Depression Inventory? and the Gen- 
eral Health Questionnaire. These in- 
struments are described in more detail 
later. 


Summary 


A number of controlled studies indi- 
cate that lifetime prevalence rates for 
significant depressive illness are 
higher for patients with MS than for 
patients with a variety of comparable 
medical and neurological diseases. The 
cause of depression remains unclear 

. but is probably due to the interaction 
of biological, psychological, and social 
factors. Depressive mood disorders are 
underrecognized in clinical practice 

. and available therapies are not well 
used. Changes in practice patterns— 
detecting depressive illnesses and in- 
suring appropriate psychiatric inter- 
vention— might make an important 
contribution to the emotional well be- 
ing and functional capacity of patients 
with MS and their families. 


Recommendations 


More research, using advanced im- 
aging techniques and standardized 
psychiatric interviews and diagnostic 
criteria, is needed to clarify connec- 
tions between depressive symptoms 
and the neurological disease. System- 
atic, controlled, and appropriately 
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blinded studies that use reliable and 
valid instruments to detect changes in 
mood states to assess the efficacy of 
psychotherapy and pharmacotherapy 
among depressed MS patients are also 
important. 


BIPOLAR AFFECTIVE DISORDER 


There are a number of anecdotal re- 
ports concerning the coexistence of 
mania and MS within individual 
patients.'^" Schiffer and colleagues'* 
searched hospital, county, and Multi- 
ple Sclerosis Society data bases in 
Monroe County, New York, to locate all 
residents who had both MS and bipolar 
affective disorder and confirmed the 
diagnoses by neurological and psychi- 
atric examination. They found 10 pa- 
tients with both disorders, twice as 
many as expected from population 
rates for each disorder* (Table 3). 
Similarly, Joffe and colleagues? re- 
ported that 13% of 100 patients with 
MS also had bipolar disorder, a rate 
significantly higher than the 1% found 
in the general population (Table 3). 
There are preliminary reports of fa- 
milial clustering of MS and bipolar 
disorder, as well as possibly nonran- 
dom inheritance of certain major his- 
tocompatibility class II markers 
among such patients.9?^ Hypomania 
and mania also may occur with treat- 
ment with corticotropin and pred- 
nisone; patients at risk appear to be 
those with a history of previous de- 
pressive episodes and a family history 
of depression or alcoholism. 

Good therapeutic studies are not 
available for bipolar disorder in pa- 
tients with MS. Case reports by Kell- 
ner et al“ and Kemp et al" suggest that 
lithium carbonate is as effective in 
controlling mania in patients with MS 
as it is in patients without MS, but a 
patient described by Peselow et al? 
had a variable response. 


Summary 


Bipolar disorder appears to occur at 
an unexpectedly high rate among pa- 
tients with MS. There is preliminary 
evidence to suggest that this epidemi- 
ologically defined association may be 
based on a biological mechanism, per- 
haps one involving a shared genetic 
vulnerability between MS and bipolar 
disorder. 


Recommendations 


Family history studies are needed to 
seek further evidence of a genetic con- 
nection between bipolar disorder and 
MS. If this proves fruitful, a second 
generation of studies using molecular 
genetic techniques will be needed. In- 


vestigators might consider restriction 
fragment length polymorphism stud- 
ies of selected families with MS and 
bipolar disorder, similar to those re- 
cently reported linking bipolar disor- 
der with genes on chromosomes X and 
11.75 In addition, we need studies of 
therapies for bipolar disorder among 
patients with MS: for example, are 
lithium and carbamazepine effective? 
We should also determine whether 
there is a relationship between manic 
episodes and neurologic disease activ- 
ity; if this proves to be the case, might 
corticotropin or prednisone help con- 
trol the mania? 


ASSESSMENT OF 
AFFECTIVE DISORDERS 


The accurate assessment and diag- 
nosis of affective disorders requires 
considerable time and effort. The Na- 
tional Institute of Mental Health has 
registered its concern over the low 
rates of diagnosis and treatment of af- 
fective disorders in the general popu- 
lation and recently began a nation- 
wide campaign to train nonpsychiatric 
physicians and others to recognize, 
diagnose, and treat depressive 
illnesses.“ Clinical research, however, 
requires, in addition to diagnostic acu- 
men, that the evaluator be able to col- 
lect data that are valid, reliable, and 
quantifiable. Thanks to major re- 
search efforts in the past decades, 
investigators now have access to struc- 
tured interviews that make possible a 
uniform method for eliciting informa- 
tion about patients' current and past 
psychiatrie symptoms with a high de- 
gree of interrater and test-retest reli- 
ability. These interviews contain se- 
ries of questions designed to determine 
whether symptoms are present as well 
as descriptive scales that permit the 
interviewer to rate the severity of each 
symptom. Examples of such inter- 
views include the Hamilton Depres- 
sion Rating Scale, which is limited to 
detecting depression, the Schedule for 
Affective Disorders and Schizophre- 
nia, Current and Lifetime versions, the 
National Institute of Mental Health 
Diagnostic Interview Schedule, and 
the Structured Clinical Interview for 
DSM-III-R)9?5555 which evaluate a 
wide range of psychopathology. The 
Schedule for Affective Disorders and 
Schizophrenia should be used with the 
Research Diagnostic Criteria?* and the 
Diagnostic Interview Schedule and the 
Struetured Clinical Interview for 
DSM-III with DSM-IIT* and DSM-III- 
R, respectively. These diagnostic 
schedules specify inclusion and exclu- 
sion criteria for diagnosing a large 
number of psychiatric disorders. They 
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have been subjected to extensive field 
testing and revision and represent the 
most reliable and valid criteria avail- 
able. The Family History-Research 
Diagnostic Criteria are also available 
for establishing psychiatric diagnoses 
infamily members when only the iden- 
tified patient but not the family mem- 
ber can be interviewed. Evaluators 
must be trained in the proper use of 
these instruments: the Schedule for 
Affective Disorders and Schizophrenia 
and Research Diagnostic Criteria and 
the Structured Clinical Interview for 
DSM-III-R were designed for use by 
clinicians, while nonclinicians can be 
taught to use the Diagnostic Interview 
Schedule. 

A number of self-administered 
questionnaires are available to detect 
and rate the severity of depressive 
symptoms. Some, like the Beck De- 
pression Inventory,? Center for Epi- 
demiologic Studies Depression Scale,’ 
and others,” focus on depression, while 
others, like the General Health 
Questionnaire," the Symptom Check 
List, and the Minnesota Multiphasic 
Personality Inventory,? evaluate a 
wide range of symptoms. Patients' re- 
sponses to the questionnaires are 
scored, and total scores and subscale 
scores are computed and compared 
with preestablished cut-off scores be- 
yond which patients are considered to 
have significant symptoms. These 
scales can be used to quantify the 
severity of symptoms for comparing 
different patient populations, but they 
do not identify patients with particu- 
lar psychiatric disorders as do the Re- 
search Diagnostic Criteria or the di- 
agnostic criteria specified in DSM-III- 
R. The Beck Depression Inventory and 
the Minnesota Multiphasic Personal- 
ity Inventory have been used most fre- 
quently in research on depression in 
MS, but the General Health Question- 
naire has also been employed. Since 
using the same scale in different stud- 
ies will allow investigators to compare 
their patients with others more di- 
rectly, we recommend that the more 
commonly used instruments, such as 
the Beck Depression Inventory, be em- 
ployed. We also recommend using 
structured interviews when possible, 
since self-report measures may be 
confounded by lack of motivation 
and insight or by cognitive impair- 
ment.? 

Since depression involves both psy- 
chological symptoms (eg, dysphoric 
mood, sad or self-critical thoughts) 
and somatic symptoms (eg, sleep and 
appetite dysfunction, lethargy) both 
diagnostic criteria and symptom 
checklists need to be used thoughtfully 
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among patients with primary medical 
disorders such as MS. The Research 
Diagnostic Criteria, for example, in- 
clude among the criteria for diagnos- 
ing major depression, fatigue, slowed 
thinking, and poor concentration, and 
among those for minor depression, ex- 
cessive somatic concern. Since these 
are common features of MS itself or an 
expectable reaction, this instrument 
should be modified to avoid overdiag- 
nosing depressive disorders (J. Endi- 
cott, PhD, personal communication, 
1985)?* As Minden et al? suggested, 
interviewers should take special care 
in helping patients differentiate be- 
tween fatigue due to MS and the psy- 
chomotor retardation associated with 
depression, between crying from sad- 
ness and pathological laughing and 
weeping, and between depressive loss 
of interest and physical inability to 
perform an activity. Similarly, data 
from self-report questionnaires that 
include psychological and somatic 
symptoms should be submitted to ap- 
propriate statistical analyses to deter- 
mine whether somatic symptoms are 
biasing the results. 


Summary 


There are a number of instruments 
for assessing psychopathology that en- 
sure that data are as reliable and valid 
as possible. These include structured 
interviews, diagnostic criteria, and 
self-report rating scales. 


Recommendations 


Although structured interviews are 
more costly than self-report scales be- 
cause they require skilled interview- 
ers, considerable interviewer training, 
and more assessment time, they are 
generally preferable to self-report 
measures because of their greater re- 
liability. They can also provide data on 
past episodes of psychiatric illness as 
well as current ones. In addition, when 
a patient meets the diagnostic criteria 
for a particular disorder, it is clear 
that the symptoms are of such severity 
and have persisted for such a substan- 
tial length of time that a diagnosis of 
a discrete disorder is warranted. Rat- 
ing scales, by contrast, quantify only 
current symptoms without reference 
to duration or clustering into discrete 
disorders based on the inclusion or ex- 
clusion of other symptoms. 


COMMENT 


At the present time there seems to 
be little need for another study that 
seeks to determine the prevalence of 
affective disorders in small, highly se- 
lected samples of MS patients or to 
demonstrate that depression is more 


common among MS patients than 
among other equally ill or disabled in- 
dividuals. Research should now move 
away from intergroup comparisons 
and toward more careful investigation, 
of MS patients themselves: for exam- 
ple, what is different about MS pa- 
tients who develop affective disorders 
compared with those who do not? In 
addition, larger, population-based 
studies that can provide more accurate 
prevalence and incidence data for af- 
fective disorders are needed. Research 
questions should be designed to tran- 
scend a simple organic vs reactive di- 
chotomy since all evidence points to 
affective disorders having multiple de- 
terminants. Magnetic resonance imag- 
ing, perhaps gadolinium enhanced, of- 
fers an opportunity to determine ob- 
jectively the temporal relationships 
between mood and disease activity and 
to elucidate the specific neuroanatomic 
structures that might be involved. 
Further work on a possible genetic link 
between MS and bipolar illness may 
also prove fruitful. Advances in tech- 
niques for assessing and diagnosing 
psychiatric disorders make research 
on affective disorders increasingly rig- 
orous, and use of structured interviews 
and strict diagnostic criteria should 
become the norm for future research. 
The prevalence rate and natural his- 
tory of both euphoria and pathological 
laughing and weeping are unknown 
and should be investigated. The most 
neglected area of research on affective 
disorders among patients with MS is 
treatment: we need  placebo-con- 
trolled, double-blind studies of medi- 
cations and systematic studies of indi- 
vidual and group psychotherapies. 


We thank Byron H. Waksman, MD, Research 
and Medical Programs, National Multiple Sclero- 
sis Society, for his support of this project and his 
editorial suggestions. 
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Observation 


Ruptured Arteriovenous Malformation Complicating 
Thrombolytic Therapy With Tissue Plasminogen Activator 


Jacqueline Proner, MD: Bruce R. Rosenblum, MD; Allen Rothman, MD 


€ It is thought that the clot-specific ac- 
tivity of tissue plasminogen activator, 
used in the treatment of acute myocardial 
infarction, makes bleeding complications 
less common than does the use of either 
streptokinase or urokinase. The incidence 
of intracerebral hemorrhage complicating 
the use of tissue plasminogen activator 
has been estimated to be 0.68%. This is a 
report of the rupture of an intracranial ar- 
teriovenous malformation complicating 
the use of tissue plasminogen activator 
therapy. Theories for the mechanism of 
hemorrhage in this instance are pre- 
sented, as are suggestions for future use 
of the enzyme. 

(Arch Neurol. 1990;47:105-106) 


Tissue plasminogen activator is a 

clot-selective enzyme that has 
largely supplanted nonspecific strep- 
tokinase and urokinase in the treat- 
ment of acute myocardial infarction. 
Its greater specificity is thought to 
contribute to its lower incidence of 
bleeding complications, especially cen- 
tral nervous system hemorrhage.'” De- 
tailed analysis of intracranial bleeding 
during treatment with tissue plasmin- 
ogen activator has only been carried 
out in one previous study, to our 
knowledge. We report a case of cere- 
bral hemorrhage that occurred sec- 
ondary to a ruptured arteriovenous 
malformation during intercurrent tis- 
sue plasminogen activator treatment. 
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REPORT OF A CASE 


A 65-year-old man with a history of 
intermittent angina and controlled hyper- 
tension was admitted with substernal chest 
pain radiating into the left arm and elec- 
trocardiographic evidence of an acute infe- 
rior wall myocardial infarction. His initial 
blood pressure reading was 180/100 mm Hg. 
Nitrates and morphine sulfate were admin- 
istered, without relief. 

Subsequently the patient received a 6-mg 
bolus of tissue plasminogen activator fol- 
lowed by an infusion of 54 mg/h for 1 hour 
and then 20 mg/h for 2 subsequent hours. A 
5000-U bolus of heparin was given during 
the first hour, followed by a 1000-U/h infu- 
sion. 

Seven hours after initiation of the proto- 
col, the patient developed a left hemiplegia 
and became unresponsive. Computed to- 
mography revealed a massive intracerebral 
hematoma (Fig 1). After administration of 
protamine and fresh-frozen plasma, the 
patient underwent a right frontal craniot- 
omy and evacuation of the hematoma. In 
the base of the cavity, an arteriovenous 
malformation with signs of recent hemor- 
rhage was discovered and excised using a 
microsurgical technique. A postoperative 
arteriogram demonstrated no residual mal- 
formation. A subsequent computed tomo- 
graphic scan showed the right frontal cav- 
ity containing the clips used to excise the 
arteriovenous malformation (Fig 2). Patho- 
logic analysis revealed the characteristic 
features of an arteriovenous malformation 
(Fig 3). 

The patient made an uneventful recovery 
despite his left hemiplegia. 


Comment 


The incidence of intracerebral hem- 
orrhage in a pooled worldwide review 
of clinical protocols utilizing tissue 
plasminogen activator has been re- 
ported as 0.68%. Recent protocols 
have suggested the use of a lower rec- 


Arteriovenous Malformation— 


ommended maximum dose of tissue 
plasminogen activator, recognizing 
that this may diminish the occurrence 
of intracranial hemorrhage.’ This in- 
clination is based on studies demon- 
strating the production of a systemic 
fibrinolytic state with higher doses, 
longer infusion times, and higher in- 
fusion rates.^? An association between 
these fibrinolytic disorders and bleed- 
ing complications, including central 
nervous system hemorrhage, has been 
reported.’ 

In general, tissue plasminogen acti- 
vator is relatively clot specific due to 
its high affinity for the fibrin-plasmin- 
ogen complex.*? Cerebral arterio- 
venous malformations are congenital 


Fig 1.—Noncontrast computed tomogram of 
the head reveals a massive right frontal hem- 
orrhage extending to, and distorting, the ven- 
tricular system. This is characteristic of bleed- 
ing secondary to a ruptured arteriovenous 
malformation. 








Fig 2.—Postoperative computed tomogram 
shows no residual blood and a low-density 
cavity where the previous clot was evacuated. 
Clips, used to ligate the vessels of the arterio- 
venous malformation, are seen within this 
region. 


anomalies composed of localized con- 
geries of arteries and veins with de- 
ranged and premature connections. 
Although they are generally asymp- 
tomatic and predisposed to spontane- 
ous rupture, with resultant intracere- 
bral hemorrhage, episodes of repeated 
thrombosis within the lesion are prob- 
ably more common, as are subclinical 
episodes of microhemorrhage.'? These 
have been attributed to both the ab- 
normal fragility of the arteriovenous 
malformation vessels and the dra- 
matic turbulence within the arterio- 
venous shunts.''! Spontaneous clots or 
those formed in response to small 
bleeding occurrences might be quite 
susceptible to dissolution by tissue 
plasminogen activator. 

Patients harboring asymptomatic 
arteriovenous malformations, as in 
the present case, or central nervous 
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Fig 3.—Photomicrograph demonstrates the thin-walled dilated arteries and veins characteristic 
of an arteriovenous malformation with evidence of recent hemorrhage from the vessels (hematox- 
ylin-eosin, X 100). 


system neoplasms may be particularly 
prone to hemorrhage when they are 
given the fibrinolytie enzyme. Tissue 
plasminogen activator may lyse fibrin 
clots within these lesions and result in 
massive intracerebral hemorrhage. 
As part of the entry criteria for in- 
troduction into a tissue plasminogen 
activator protocol, it may be useful to 
obtain both noncontrast and contrast- 
enhanced computed tomograms of the 
head. Identification of an unsuspected 
intracranial lesion prior to induction 
of therapy may alter the plan of action. 
The presence of such an intracranial 
entity may dissuade one from the use 
of tissue plasminogen activator in an 
individual case. If such use is deemed 
necessary, the evidence in our case 
may further support the use of lower 
dose protocols in some patients. In ad- 
dition, intensive neurologic monitor- 
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that the risk of cerebral hemorrhage 
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ing streptokinase. If time constraints 
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a computed tomogram can be obtained, 
a thorough neurologic history and 
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MIDAS REX*™ Institute 


April 26-27-28, 1990 


(Immediately preceding the American 
Association of Neurological Surgeons meeting.) 


presents 


“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics” 
Symposia/Hands-On Workshops with Separate Hands-On Sessions: 
for Neurosurgeons, Plastic, ENT, Craniofacial, and Maxillofacial Surgeons (NEURO 700) 


for Orthopaedic Surgeons (ORTHO 700) 
for Operating Room Personnel (ORP 700) 


Course Directors: 
Susan Mitchell, Ed.D.; Glen Mitchell, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An intensive series 
of hands-on exercises utilizing appropriate animal bones, skeletal 
bones, etc.: 

Neurosurgeons--dissection skills for bonework of the cranium and 
spine, including attention to bioplastics and biometals applicable to 
neurosurgery. 

--dissection in small bones, large bones, 

spines, joint replacement, revision surgery, methylmethacrylate, 
polyethylene, and biometals, including broken stem extraction. 

OR Personnel--dissection skills to become familiar with the applica- 
tions of power instrumentation; discussion of and participation in 
problem solving, care, and proper maintenance of power equipment. 


CREDITS: C.M.E. Credit Available. 
1 Doubletree at 
Commerce Place, Two Commerce Place, Nashville, Tennessee 
37219. Phone: 615-244-8200. 
ENROLLMENT: Fee: (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Personnel 
(RN/CST/PA/Other)$250.00. Make check to "Nashville Sym- 
posium." Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, 
Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


Join the more than 7,600 enrollees who have completed Midas Rex 
Hands-On Workshops. (3,800 Orthopaedic Surgeons; 1,600 
Neurosurgeons; 2,250 OR Personnel) 


May 18-19-20 or May 26-27-28, 1990 Preceding and following the 


Viennd a 


Symposia/Hands-On Workshops: 


University of Vienna Symposium, 
"Neurosurgery on the 

Processes of the Cranial Midline," 
Monday through Friday, May 21-2 


"Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics" 
For Neurosurgeons, Plastic, ENT, Craniofacial and Maxillofacial Surgeons (Neuro 700) 


Cosponsored by the 


University of Vienna Department of Neurosurgery and MIDAS REX" Institute 


COURSE DIRECTORS 
Prof. Wolfgang Koos, M.D. 
Robert F. Spetzler, M.D. 
Susan Mitchell, Ed.D. 


GUEST FACULTY 
Prof. Wolfgang Koos, M.D. 
Robert F. Spetzler, M.D. 
Prof. Otmar Gratzi, M.D. 
Volker K. H. Sonntag, M.D. 


SYMPOSIUM FORMAT: Workshops: 8:00 a.m. - 2:00 p.m each day. Hands-on exercises, utilizing appropriate 
animal bones, skeletal bones, etc., for bonework dissection skills of the cranium and spine, induding attention to 


bioplastics and biometals. 
ENROLLMENT IS LIMITED. Please call before 
sending check or making travel plans. All 
enrollments made through the MIDAS REX office in 
Fort Worth, Texas, U.S.A. 


University of Vienna Medical Center 
Wahringer Gürtel 18-20 
A-1090 Vienna, AUSTRIA 


ENROLLMENT FEE (U.S.$): Surgeons, $965.00; Fellows/Residents, $585.00 (with letter from Department Head). 


Make check to “Vienna Symposium.” 
Mail to: MIDAS REX™ Institute, 2929 Race Street, Fort Worth, TX 76111, U.S.A. 
Phone: 817-831-2604. FAX: 817-838-2384. 


Join the more than 7,800 enrollees who have completed MIDAS REX Hands-On Workshops 
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Professional Opportunities 


NEUROLOGIST, BC/BE — Excellent opportunity 
to join a busy, four-physician section in a large 
multi-specialty group practice. Located in desirable 
Bluegrass region of Kentucky. Competitive salary 
and benefits. Send letter and CV to: Ms. Martha 
Riddell, Lexington Clinic, 1221 South Broadway, 
Lexington, KY 40504. 


PEDIATRIC NEUROLOGIST — Excellent opportu- 
nity for BC physician to join busy neurology prac- 
tice. Associate with progressive community hospi- 
tal. Broad subspecialty support, large primary care 
physician referral base. Live in semi-rural area, just 
35 miles from Boston's educational and cultural 
activities. Send CV and references to: Gary Asher, 
MD, 697 Massachusetts Avenue, Lunenburg, MA 
01462. 


THIRD NEUROLOGIST 


BC/BE to join adult neurology prac- 
tice, Nassau County, Long Island, 


New York. EMG/non-invasives. 500* 
bed, university affiliated hospital. 
Contact: 


(516) 294-9750 


NEUROLOGIST: Excellent opportunity for a board- 
certified/board-eligible neurologist to join two exist- 
ing neurologists in a stimulating, busy private prac- 
tice. Marquette General Hospital is a 306-bed 
regional referral center, with a comprehensive neu- 
rophysiology department and state-of-the-art tech- 
nology that includes magnetic resonance imaging 
and CT scanning, and a hospital-based family prac- 
tice residency. Medical students from Michigan 
State University's College of Human Medicine are 
regularly assigned to the hospital and offer an op- 
portunity for teaching. Marquette General Hospital 
and its medical staff are committed to building a 
center of excellence in the neurosciences and have 
the necessary financial resources. The development 
of these services will require the leadership and 
cooperation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. If this special opportunity is of inter- 
est to you, please forward your curriculum vitae to: 
Daniel Mazzuchi, MD, Director of Physician Serv- 
ices, Marquette General Hospital, Suite 122, Wallace 
Building, 420 West Magnetic Street, Marquette, MI 
49855. 


NEUROLOGIST — Board-certified or -eligible 
neurologist with California license needed to join a 
prestigious Worker's Compensation clinic for patient 
evaluation and follow-up and EMG/NCS testing. For 
further information, contact: Medical Director at 
(213) 277-2929. Or send CV to: 1125 South Beverly 
Drive, 4601, Los Angeles, CA 90035. 


SAN FRANCISCO — Outstanding opportunity for 
BC/BE neurologist at 260-bed primary care hospital 
in the growing South of Market area. Excellent op- 
portunity to build practice. Send CV to: Walter 
Kopp, St. Luke's Hospital, 3555 Army Street, San 
Francisco, CA 94110. (415) 641-6543. 


A BC/BE NEUROLOGIIST is being soughtto join an 
expanding community hospital in northwestern 
Connecticut. Hospital and medical staff support 
available. Please send CV and reply to: Mrs. Mary 
Schenzer, Medical Staff Secretary, P.O. Box 432, 
New Milford, CT 06776. 





PLEASE NOTE— Address replies to box number 
ads as follows: Box number, ——, c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 





















Professional Opportunities 


Bb aE ase ARES GM NES tU ed ne peri cort icq Ie 
A BUSY, FIFTEEN-NEUROLOGIST GROUP in 
Minneapolis seeks an energetic neurologist with a 
strong interest in the clinical care of patients. The 
ideal candidate should have expertise in neurophysi- 
ology andaninterest in teaching residents and med- 
ical students. Participation in clinical research is 
available. The practice is located in a beautiful, 
modern facility and is equipped with all diagnostic 
tools. Position available in July, 1990. Please contact: 
Craig Weflen, Administrator, Noran Neurological 
Clinic, 910 East 26th Street, Minneapolis, MN 55404. 


SOUTHERN COLORADO: Exceptional practice and 
area. Opportunity to work with other university 
trained and certified neurologist. Practice to include: 
adult neurology, complete electrodiagnostic test- 
ing, CT and MRI. This vibrant community of 150,000 
is located along the front range of the beautiful 
Rocky Mountains providing for a life style second to 
none. Highly competitive first year income plus 
comprehensive benefits and relocation followed by 
partnership offering. For further details reply to: 
Gerry E. Myers, 7385 Galloway Road, Miami, FL 
33173. Or call: (800) 327-1585, in Florida (305) 
271-9213. 

























Minneapolis/St. Paul 
NEUROLOGIST 


BC/BE adult neurologist for both inpatient and 
outpatient settings with expertise in EMG desired, 
to join a group of three neurologists. The neurol- 







ogy department is part of a large multi-specialty 
group practice and staff model HMO. This prac- 
tice of 32 years serves more than 250,000 
members. Work in a challenging environment 
with excellent salary and benefits. Please send 
curriculum vitae to: Group Health, Inc., Physician 
Services, 2829 University Avenue Southeast, 
Minneapolis, MN 55414. 











MASSACHUSETTS seascoast community seeks 
second neurologist to join solo practitioner in com- 
munity hospital practice. Excellent family environ- 
ment with abundant outdoor recreation and major 
scientific institutions nearby. Guaranteed first year 
salary. Relocation expenses provided. Reply: Box 
#805, c/o AON. 


TAMPA — NEUROLOGIST to join unique, secure 
MH outpatient clinic in bustling suburbs. BE/BC, 
able for Florida license. Full-time, solid opportunity. 
Optional inpatient. CV in confidence to: P.O. Box 
350321, Tampa, FL 33695. 


NEUROLOGIST 


BC/BE, to join two busy neurologists in Denver, 
Colorado. Practice is highly diverse. Contact: 


STANLEY H. GINSBURG, MD 















NEUROLOGICAL CONSULTANTS, P.C. 






4545 East Ninth Avenue, Suite 650 
Denver, CO 80220 
(303) 320-2946 







DURANGO, COLORADO: Desire BC/BE neurolo- 
gist to join neurosurgeon in southwest Colorado. 
Next to 94 acute plus 11 skilled nursing bed hospital 
(Mercy Medical Center). 140,000 catchment area. 
No neurologist now based in Durango. Sole neuro- 
surgeon presently in private practice, plus Medical 
Director Regional Rehab Center, plus Medical 
Director Pain Center, plus directs neurodiagnostic 
lab in hospital (EEG, EMG, NCY, evoked potentials, 
brain mapping, thermogram). Needs help! Great 
place to live — hiking, fishing, hunting, etc. Will split 
practice with right applicant. Mail CV or call: Ben 
Crue, Jr., MD, FACS, 1925 East Third Avenue, 
Durango, CO 81301. (303) 259-0779. 
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Professional Opportunities 


NEUROLOGIST, NEUROLOGICAL SURGEON — 
BC/BE to join main branch of thirty-five physician, 
multi-specialty group. Excellent clinic and hospital 
facilities. Very competitive salary and benefit pack- 
age. Excellent opportunity. Good hunting, fishing. 
Good schools, a beautiful place to raise a family. 
Call Executive Administrator collect, (701) 857- 
0236, or write: Medical Arts Clinic, P.C., P.O. Box 
1489, Minot, ND 58702-1489. 


NEUROLOGIST 


BC/BE, full- or part-time, for expanding San 
Francisco Bay area. Private practice with 
emphasis on clinical occupational neurology 
and med-legal evaluations. Expertise in EMG, 
EEG and EP desired. Excellent reputation, 


referral base, facilities and support staff. 
Ungqiue income opportunity. 
Submit CV and letter stating professional 
goals, and availability to: 
PERSONNEL 
2040 POLK STREET, BOX 337 
SAN FRANCISCO, CA 94109 





NEUROLOGISTS needed in midwest and south- 

eastern states. Competitive income and benefit 

packages. Contact: Darell McWilliams, Mediline, 

2 25th Avenue North, Nashville, TN 37203. (615) 
7-1910. 


NEUROLOGIST — Midwest Great Lakes communi- 
ty. Position for a clinical neurologist, preferably with 
subspecialty training in either stroke or dementia to 
join another neurologist in an established private 
practice. Excellent growth potential. Early partner- 
ship. Box #804, c/o AON. 













NASHVILLE, TENNESSEE 
BE/BC neurologist needed for thriving practice at 
JCAHO approved 315-bed hospital. Excellent neuro- 
surgery staff with state-of-the-art diagnostic equip- 
ment. First rate financial package with reimbursed 
relocation and interviewing costs. Office space re- 
served next to hospital. Phenomenal growth in com- 
munity. Contact: Jeff Hartline, 5000 Linbar Drive, 
Suite 260, Nashville, TN 37211. (800) 678-3616. 


SOUTHEAST UNITED STATES — Excellent oppor- 
tunities for board-certified or board-eligible neurol- 
ogist for solo and group practices. Send CV to: CPR 
Associates, P.O. Box 235005, Montgomery, AL 
36123-5005. 


BE/BC neurosurgeon to join extremely active neu- 
rosurgical service. Salaried, full-time position situ- 
ated equidistant from San Diego and Los Angeles 
without the congestion, problems, and soaring liv- 
ing costs of big cities. This is a teaching institution 
with rotating residents. Salary is extremely attractive 
with full fringe benefits including health insurance. 
This extremely attractive location has all conceiv- 
able recreational facilities within easy reach and has 
excellent schools at all levels. Send CV to: Inland 
Valley Surgical Services Medical Group, Inc., P.O. 
Box 30717, San Bernardino, CA 92413. 


PITTSBURGH, PENNSYLVANIA: BC/BE neurolo- 
gist to join solo neurologist in established practice 
in suburban Pittsburgh. Must have proficiency in 
EMG/NCV and excellent clinical skills. Salary and 
other arrangements negotiable. Please send curric- 
ulum vitae to: Box #803, c/o AON. 


COASTAL NORTHEAST: Outstanding 
practice with six-member progressive group. 
Practice all aspects of neurology in modern of- 
fices, fully equipped for electrodiagnostic testing. 
Located minutes from the coast in this idyllic fam- 
ily oriented community. Competitive compensa- 
tion and benefit package along with partnership, 
paid visit and relocation expenses. Contact in 
confidence: Gary J. Gorski, MDR, (800) 327-1585. 













ADULT NEUROLOGIST, BC/BE: Quality oriented, 
well-established sophisticated hospital and office 
practice seeks fourth for July 1990 or sooner. Initial 
employment with routine fringes and aim of full 
partnership. Send CV to: 2919 Swann Avenue, Suite 
301, Tampa, FL 33609. 


Professional Opportunities 


PEDIATRIC NEUROLOGIST position available at 
Hennepin County Medical Center with the rank of 
assistant professor without tenure. HCMC is an 
academic medical center affiliated with the Univer- 
sity of Minnesota. The Neurology Department has 
an opening for a BE/BC pediatric neurologist with 
primary interests in clinical and education activities, 
plus some clinical research. A special interest in 
pediatric head trauma, sleep disorders, or neuro- 
muscular diseases would be welcomed. Salary is 
appropriate to experience and expertise. Interested 
applicants please send a CV and three letters of 
recommendation to: M.G. Ettinger, MD, Chief of 
Neurology, Hennepin County Medical Center, 701 
Park Avenue South, Minneapolis, MN 55415, by 15 
March, 1990. Hennepin County Medical Center and 
the University of Minnesota are equal opportunity 
employers and specifically invite and encourage 
applications from women and minorities. 


— IDAHO — 
Multi-specialty group of 26 physicians needs 
neurologist. $80,000 plus bonus first year. Full 
stockholder status thereafter. Many fringe bene- 


fits and excellent outdoor recreational activities 
in this agricultural area 20 miles from the state 
capital. Office adjacent to 165-bed hospital. 
Contact: Michael Crane, 215 East Hawaill, 
Nampa, ID 83686. (208) 467-1121. 





EXPANDING DYNAMIC neurology practice — 
BC/BE neurologist to join a busy, rapidly growing 
group neurology practice in Virginia suburbs of 
Washington, DC. Excellent opportunity for a com- 
passionate, personable, hard working person to join 
our comprehensive neurodiagnostic team. Subspe- 
cialty training, especially EEG, evoked potentials, 
EMG, or sleep disorders preferred. Teaching and 
faculty appointments available. Send CV to: D. 
Hope, Neurology Center of Fairfax, Ltd., 3020 
Hamaker Court, Fairfax, VA 22031. 


Cerebral Vascular 
Disease Specialist 


Marshfield Clinic is seeking a second fel- 
lowship-trained cerebral vascular disease 
subspecialist to join its Neurosciences 
Cerebral Vascular Disease unit and 15- 
member Neurology Section. State-of-the- 
art practice. Full range of neurologic lab 
and support services including duplex 
scanning, transcranial doppler, Spect, 
MRI and CAT scanning and invasive 
neuroradiology. Clinical research oppor- 
tunities with possibilities for both individ- 
ual and multicentered national projects. 
Marshfield Clinic is a private group prac- 
tice consisting of 350 physicians repre- 
senting all surgical and medical special- 
ties. The Clinic is physically adjacent to a 
525-bed acute care teaching hospital. 
University of Wisconsin Medical School 
affiliation, alarge Medical Research Foun- 
dation, plus a major secondary and terti- 
arylevel patient referral base contribute to 
a very stimulating environment. Contact: 


Mr. John P. Folz 
Assistant Director 
1000 N. Oak Avenue 
Marshfield, WI 54449 
or call collect at 

(715) 387-5181 


Marshfield Clinic 





Multi-specialty clinic seeks BE/BC 


NEUROLOGIST 


This is an opportunity to establish a neurology serv- 
ice for our expanding primary care population. Our 
sub-tropical gulf coast location is in an upward 
bound economic environment. 


Competitive guaranteed salary with 


bonus productivity plan 


18 months 
e 


Shareholder status available after 


Malpractice insurance 
Relocation and interview expense 


included in benefits package 


Location is attractive to those who enjoy outdoor 
sports such as fishing, golfing and sailing. 


Look into joining our great team! 


Valley Diagnostic 


Medical and Surgical Clinic, PA 


Contact: 
Amanda Fuhro 


2200 Haine Drive 
Harlingen, TX 
78550 


(512) 421-5199 








DIRECTOR OF 
NEUROSCIENCE 
RESEARCH 


Allegheny Singer Research Institute, 
and the Allegheny General Hospital 
are Mud a Director of 
Neuroscience Research toinitiate and 
coordinate basicand clinical research 
pecs in the neurosciences at the 

ledical College of Pennsylvania, 
Allegheny Campus, involving the 
departments of neurosurgery, 
neurology, psychiatry, neurotology, 
neurophthalmology, neuroradiology, 
and neuropathology. The successful 
candidate must be an experienced 
investigator in the neurosciences with 
both basic and clinical neuroscience 
interests as demonstrated by peer 
review publications andexternal grant 
wind and must be capable of 
facilitating collaborative research 
projects across disciplines in the 
neurosciences. 


Financial compensation and faculty 
rank at the Medical College of 
Pennsylvania will depend upon 
experience and qualifications. 


Reply with curriculum vitae to Dr. Jon 
Brillman, Division of Neurology, 
Chairperson, Search Committee for 
Director of Neuroscience Research, 
Suite #206, East Wing, ALLEGHENY 
GENERAL HOSPITAL, 430 E. North 
Avenue, Pittsburgh, PA 15212. 
Allegheny General Hospital is an 
equal opportunity employer. 


Pediatric 
Neurologist 


Marshfield Clinic Department of Neurol- 
ogy is seeking a pediatric neurologist with 
special interest in childhood epilepsy. 
This specialist would join two pediatric 
neurologists, twelve adult neurologists, 
five neuropsychologists and three neuro- 
surgeons in a state-of-the-art practice. 
Full range of neurologic lab and support 
services including duplex scanning, trans- 
cranial doppler, Spect, MRI and CAT 
scanning and invasive neuroradiology. 
Clinical research is possible for both indi- 
vidual and multi-centered national pro- 
jects. Marshfield Clinic is a private group 
practice consisting of 325 physicians 
representing all surgical and medical 
specialties. The Clinic is physically adja- 
centto a 529-bed acute care teaching hos- 
pital. University of Wisconsin Medical 
School affiliation, a large Medical Re- 
search Foundation, plus a major second- 
ary and tertiary level patient referral base 
contribute to a very stimulating environ- 


1000 ment. Contact: 


Mr. John P. Folz 
Assistant Director 

1000 North Oak Avenue 
Marshfield, WI 54449 
Or call collect at: 

(715) 387-5181 


MiarshfieldClinic 


Fellowships 


STROKE — Intensive care fellowship position: 
Available July 1, 1990, a fellowship in stroke and 
intensive care neurology for one year with option 
to renew. Candidates should have completed a neu- 
rology residency and be board-eligible. The candi- 
date will participate in ongoing clinical stroke 
projects. Opportunities for experience in sleep neu- 
rology and pain management are also available. 
Interested parties contact: David C. Anderson, 
Department of Neurology, Hennepin County Medi- 
cal Center, 701 Park Avenue South, Minneapolis, 
MN 55415. (612) 347-2595. 


FELLOWSHIP IN NEUROPHYSIOLOGY and epi- 


lepsy: Available for one year beginning July 1, 1990 
at the University of Kansas Medical Center, Kansas 
City, Kansas. Includes training in EEG (both adult 
and pediatric), Evoked Potentials of all three modali- 
ties (visual, auditory and somatosensory), P-300, 
CCTV-EEG Telemetry, and management of epi- 
lepsy. The electrodiagnostics involve materials from 
the University Medical Center, Kansas City VA Med- 
ical Center, and two community hospitals. There is 
an active epilepsy program at the University Medical 
Center. Board eligibility in neurology is required. 
Applicants should send CV and names and 
addresses of three references to: Chi-Wan Lai, MD, 
Director of EEG and Evoked Potentials Lab, 
Department of Neurology, University of Kansas 
Medical Center, 39th & Rainbow Boulevard, Kansas 
City, KS 66103. 


NEUROPHYSIOLOGY FELLOWSHIPS. Children's 
Hospital of Michigan, an affiliate of the Detroit Med- 
ical Center and Wayne State University has two 
Neurophysiology Fellowships available. 1) Fellow- 
ship in Neuromuscular Disease and EMG. Program 
includes training in clinical Neuromuscular dis- 
orders in patients of all ages and electrodiagnosis. 
2) Fellowship in Clinical Neurophysiology and Epi- 
lepsy. Program includes training in EEG, prolonged 
video monitoring and evoked potentials (including 
or monitoring). There is an active epilepsy program 
that includes the surgical treatment of medically 
intractable patients. Candidates should be board- 
eligible in Neurology or Neurology with special 
competence in Child Neurology. There are oppor- 
tunities for research. Interested persons should con- 
tact: Dr. Charise L. Valentine, MD, Children's Hospi- 
tal of Michigan, 3901 Beaubien Boulevard, Detroit, 
MI 48201. (313) 745-5785. 


CLINICAL Neurophysiology/Epilepsy fellowship. 
The University of Cincinnati is offering a fellowship 
in an active and expanding program. Training 
includes EEG, evoked potentials, video/EEG moni- 
toring with depth or subdural electrodes, intraoper- 
ative monitoring, and clinical epileptology in adults 
and children. The fellowship will provide ABCN 
board eligibility. For information contact: Michael 
Privitera, MD, Department of Neurology, University 
of Cincinnati Medical Center, Cincinnati, OH 45267- 
0525. (513) 558-5431. 





NEUROLOGICAL REHABILITATION Fellowship. 
The Department of Neurology of the University of 
California at Los Angeles and the Center for Reha- 
bilitation at the Daniel Freeman Hospital are offering 
a one-year fellowship in neurorehabilitation. In- 
patient training of stroke, spinal cord injury, head 
trauma and pain services will take place at the 60- 
bed unitat Freeman. Outpatient work will be done at 
UCLA's Comprehensive Rehabilitation service and 
in the specialty clinics in the department. Clinical 
and basic research are encouraged in PET, phar- 
macology and computer applications. Candidate 
must be BE/BC in neurology to begin program in 
July 1990. Contact: Bruce H. Dobkin, MD, UCLA 
School of Medicine, Comprehensive Rehabilitation 
Program, Reed Neurologic Research Center, 710 
Westwood Plaza, Los Angeles, CA 90024. 





FELLOWSHIP IN ALZHEIMER's disease/Parkin- 
son's disease for July 1990. One to two years clinical 
and research training with emphasis on neuro- 
pharmacology, neuropsychology and neuroimag- 
ing. Prior research experience desirable. Contact: 
J.H. Growdon, MD, Department of Neurology, ACC 
730, Massachusetts General Hospital, Boston, MA 
02114. 


The University of Miami 
School of Medicine 
is seeking qualified applicants for the 
position of 
PROFESSOR AND 
CHAIRMAN 
Department of Neurology 


The candidate must be board-certified in 
neurology and respond creatively to the 
challenge of clinical care, research and 
teaching in a postgraduate neurology pro- 
gram which currently supports 21 resi- 
dents and 13 fellows. He/she must also 
possess superior skills in clinical neurol- 
ogy, a proven track record in research and 
sound administrative skills. The Depart- 
ment of Neurology is responsible for clini- 
cal neurological services at the 1250-bed 
University of Miami/Jackson Memorial 
Medical Center and the adjacent 490-bed 
Miami V.A. Medical Center. The depart- 
ment also cares for a large number of pri- 
vate and county-supported patients in its 
outpatient facilities. Currently on the 
neurology staff, there are 15 full-time phy- 
sicians and 8tenured PhD's participating in 
an ongoing clinical care, teaching and 
basic research program. Interested appli- 
cants should send an updated CV to: 


Robert M. Quencer, MD, Chairman 
Neurology Search Committee and 
Director, Division of Magnetic 
Resonance Imaging, University of 
Miami Department of Radiology 


1115 N.W. 14th Street, Miami FL 33136 


The University of Miami offers a competi- 
tive salary and benefits package and is an 
equal opportunity/affirmative action em- 
ployer. Qualified minorities and women are 
encouraged to apply. 


Faculty Positions 


FACULTY POSITIONS IN NEUROLOGY are avail- 


able at either the assistant or associate professor 
level in the Department of Neurology at the Medical 
College of Virginia. Areas of special interest are 
epilepsy, neuromuscular diseases, dementia and 
stroke. Well-qualified applicants with other areas of 
clinical expertise, however, are encouraged to apply 
and will be seriously considered. Board-eligibility in 
neurology is required, and eligibility or certification 
by ABON is preferred for the epilepsy position. The 
Department of Neurology has ongoing research 
programs in both clinical and basic research areas 
including epilepsy, head trauma, evoked potentials, 
stroke, myasthenia gravis and related areas. Send a 
CV and the names of three references to: Dr. Robert 
J. DeLorenzo, Chairman, Department of Neurology, 
Medical College of Virginia, Box 599, MCV Station, 
Richmond, VA 23298-0599. Telephone: (804) 
786-9720. Virginia Commonwealth University is an 
equal opportunity/affirmative action employer. 
Women and minorities are encouraged to apply. 


ADULT NEUROLOGISTS. Tenure track positions 
available at Texas Tech University Health Sciences 
Center. One position is at the El Paso campus for a 
clinically oriented neurologist; two positions are at 
the Lubbock campus for clinically and/or research 
oriented neurologists. The department is expanding 
research programs in Parkinson's and Alzheimer's 
disease. Send CV to: Joseph B. Green, MD, Profes- 
sor and Chairman, Department of Medical and Sur- 
gical Neurology, Texas Tech University Health 
Sciences Center, Lubbock, TX 79430. 


FACULTY POSITION available at the assistant 
professor level in the Department of Neurology 
at the University of Illinois at Chicago. The depart- 
ment seeks applicants with expertise in stroke, 
dementia, neuro-oncology, neuro-geriatrics, neuro- 
epidemiology, pain, or electromyography. Send let- 
ter of interest and curriculum vitae to: Daniel B. Hier, 
MD, Head, Department of Neurology, mc796 Uni- 
versity of Illinois at Chicago, Box 6998, Chicago, IL 
60680. UIC is an AA/EOE. 





Faculty Positions 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or -certified in neurology and have subspecialty 
expertise in movement disorders and/or epilepsy. 
Preference will be given to candidates with interest 
in clinical research. Loyola University is an equal 
opportunity/affirmative action employer. Send cur- 
riculum vitae to: Gastone Celesia, MD, Chairman, 
Department of Neurology, Loyola University Chi- 


cago, 2160 South First Avenue, Chicago, IL 60153. 


ACADEMIC NEUROLOGIST to join center for Alz- 
heimers disease. The department of neurology 
seeks neurologist with training in behavioral neu- 
rology, neuroepidemiology, or dementia to join 
active dementia program. Academic appointment at 
University of Illinois. Contact: Daniel B. Hier, MD, 
Chief, Neurology Service, Michael Reese Hospital, 
Chicago, IL 60616. 


COMPUTER APPLICATIONS in neurology. Aca- 
demic neurologist sought to head section dedicated 
to exploring computer applications including expert 
systems, decision analysis, computer modeling, 
and neural networks. Send resume to: Daniel B. 
Hier, MD, Head, Department of Neurology, mc796, 
University of Illinois at Chicago, Box 6998, Chicago, 
IL 60612. UIC is an AA/EOE. 


HENNEPIN COUNTY MEDICAL CENTER (affiliated 
with the University of Minnesota Medical School) 
seeks an adult neurologist to help develop an 
expanding ambulatory care program and an elec- 
tromyography program. The applicant should be 
BC/BE with a strong interest in teaching and elec- 
tromyography. The clinic program includes daily 
general neurology clinics and a variety of special 
clinics. Salary and benefits are consistent with other 
academic institutions. Interested applicants should 
send a CV, bibliography and names of three refer- 
ences by 15 March, 1990 to: M.G. Ettinger, MD, 
Chief of Neurology, Hennepin County Medical Cen- 
ter, 701 Park Avenue South, Minneapolis, MN 55415. 
The University of Minnesota and the Hennepin 
County Medical Center are equal opportunity edu- 
cators and employers, and specifically invite and 
encourage applications from women and minorities. 


PEDIATRIC NEUROLOGY faculty position is avail- 
able at the rank of assistant/associate professor in 
the Department of Pediatrics, Division of Pediatric 
Neurology, at the University of Florida, College of 
Medicine, Gainesville, Florida. Candidates must be 
board-certified in neurology with special compe- 
tence in pediatrics. Dual appointment in the 
Department of Neurology will also be available. 
Candidates must present evidence of a strong 
commitment to investigative work as well as have 
shown excellence in patient care and teaching. 
Salary will be based on experience. Recruiting dead- 
line: March 1, 1990; Anticipated start date: May 1, 
1990. Please send a CV and a cover letter to: Steve A. 
Freedman, PhD, Department of Pediatrics, ICHP, 
Box J-296, JHMHC, Gainesville, FL 32610. An equal 
employment opportunity/affirmative action employer. 


Residencies 


NEUROLOGY RESIDENCY. PGY2 position avail- 
able at University of Illinois at Chicago for July 1990. 
For information contact: Daniel B. Hier, MD, Head, 
Department of Neurology, University of Illinois, 912 
South Wood, Chicago, IL 60612. Telephone: (312) 
996-6496. 


Positions Wanted 


ACCREDITED clinical polysomnographer/neurol- 
ogist seeks position in neurology and sleep dis- 
orders medicine. Experience in EEG and EMG. Box 
#802, c/o AON. 


CLASSIFIED INFORMATION 


Call: 


National 800-237-9851 
Florida 800-553-8288 
Local 813-443-7666 


HEAD, DEPARTMENT OF NEUROSURGERY 


University of Illinois College of Medicine at Chicago 
and 


CHIEF, DEPARTMENT OF NEUROSURGERY 


University of Illinois Hospital 


The University of Illinois College of Medicine at Chicago invites appli- 
cations and nominations for the position of Head of the Department of 
Neurosurgery. The Head will lead a neurosurgical department which 
has a long history of academic excellence and outstanding patient 
care. The college’s Department of Neurosurgery has an integrated 
residency training program with the West Side Veteran's Administra- 
tion Hospital, Cook County Hospital, and Michael Reese Hospital and 
Medical Center. 


Candidates should be diplomates of the American Board of Neuro- 
surgery, have had substantial scholarly productivity in the field, and 
have demonstrated ability to provide dynamic leadership in administer- 
ing a comprehensive program of patient care, education, and clinical 
as well as basic research in neurosurgery. Interested individuals 
should send a curriculum vitae to: 


JAMES J. SCHULER, MD 
CHAIR, SEARCH COMMITTEE FOR HEAD OF NEUROSURGERY 
DEPARTMENT OF SURGERY (m/c 957) 
SUITE 2200, 1740 WEST TAYLOR STREET e CHICAGO, IL 60612 


The University of Illinois at Chicago is an affirmative action/equal opportunity employer 


CLINICAL EPILEPSY 
TRAINING PROGRAM 


The University of Washington Regional 
Epilepsy Center is pleased to an- 
nounce the availability of post doctor- 
ate fellowships as part of its NIH/ 
NINCDS funded Clinical Epilepsy 
Training Program. The program is 
designed to provide integrated train- 
ing in the clinical and investigational 
aspects of epilepsy. Post MD or PhD 
fellowships of one to two years are 
available with preceptors in the follow- 
ing areas: basic neurophysiology, EEG 
and clinical neurophysiology, neuro- 
chemistry, or neurogenetics of epi- 
lepsy; intraoperative investigations of 
human higher functions during surgi- 
cal therapy; basic and clinical neuro- 
pharmacology of antiepileptic drugs; 
biostatistics; neuropsychology; and 
neuroimaging in epilepsy. 

Payment levels are based on expe- 
rience and follow the current NIH 
funding schedule. Inquiries concern- 
ing fellowships should be directed to: 


Beverly Goddard 
Regional Epilepsy Center ZA-50 
HARBORVIEW MEDICAL CENTER 
325 - 9th Avenue, Seattle WA 98104 


Please indicate your area of interest in 
this initial correspondence. 


Neurologist 


BC/BE to join large 
multi-specialty 
group practice near 
Milwaukee, Wisconsin. 


Must have experience 
in EMG, EEG 
and evoked potential. 


Competitive salary and 
fringe benefits. 


Forward inquiries and 
CV to: 


Administrator 
P.O. Box 427 
Menomonee Falls 
WI 53051 
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OBJECTIVES: 


* Increase basic knowledge and clinical skills in neurology 
* Assist neurology residents to study efficiently 

* Prepare board candidates to take board examinations 

* Provide practicing neurologists with a review and update 


The Osler Institute 
Neurology Boards Review Course 


Now, a special course for your written and oral board exams 


Minneapolis 


March 4-9, 1990 — San Francisco 
June 7-9, 1990 — 


October 25-27, 1990 — Washington, D.C. 


METHODS: 


e HOME STUDY MATERIALS with questions and answers 
based on previous examinations 

e SEMINAR with projection slides and syllabus 

* PRACTICE EXAMS with oral and written parts 





Part I Course: March 4-9 — San Francisco 


BASIC SCIENCES 
Neuroanatomy 


Neuropathology 
Neurochemistry 
Neurophysiology 
Neuropharmacology 
Neuroimmunology 
Neurogenetics 


CLINICAL SCIENCES 
Neuroimaging 


Neuro-otology 
Neuro-ophthalmology 
Neuroendocrinology 
Psychiatry 
Neuropharmacology 
Neuropsychological Testing 


SENSATION 
AND BEHAVIOR 
Headache and Pain 


Higher Cortical Function 

Movement Disorders 

Epilepsy 

Delirium and Confusion 

Stupor and Coma 

Dementia and Alzheimer's 
NEUROLOGIC DISEASES I 

Infectious Diseases 

Stroke 

CS.F. Disorders 

Tumors 

Trauma 

Spinal Cord Disorders 

Demylinative Diseases 


Name 
Address 
City/State/Zip 
Phone 


P.O. Box 2218 
Terre Haute, IN 47802 


Mail today to: 


1094 Dawn Lane, Dept. A1 


Part II Courses 


NEUROLOGIC DISEASES II March 4-9 — San Francisco 


Metabolic & Toxic Diseases 
Nutritional Deficiency 
Alcohol & Substance Abuse 
Parkinson's Disease 
Degenerative Diseases 
Developmental Disorders 
Sleep Disorders 


NEUROMUSCULAR 

AND CHILD 
Neuropathies 
Myopathies 
Neuromuscular Junction 
Neonatal Neurology 
Birth Injuries & Anomalies 
Biochemical Abnormalities 
Childhood Degenerations 


FACULTY 
Michael Aminoff, M.D. 
Univ. of California at San Francisco 
William Ganong, M.D. 
Univ. of California at San Francisco 
William Garoutte, M.D. 
Univ. of California at San Francisco 
Robert Jackler, M.D. 
Univ. of California at San Francisco 
Rowena Korobkin, M.D. 
Children's Hospital, Oakland 
Mark Kritchevsky, M.D. 
Univ. of California at San Diego 
Merrill Mitler, Ph.D. 
Univ. of California at San Diego 
Arthur Waltz, M.D. 
University of California at Davis 
Phillip Wasserstein, M.D. 
Stanford University 


Stanley vandenNoort, M.D. 
University of California at Irvine 


March 7-9 — San Francisco 
June 7-9 — Minneapolis 
Oct. 25-27 — Washington 


The Part II Course is 
designed to prepare board 
candidates for their oral 
exam. The March 4-9 course 
will be for both written and 
oral exams. Lectures will be 
held during the day and mock 
oral exams will be held each 
evening. 


The short courses will be 
mostly mock oral exams, each 
based on a presenting 
problem leading to questions 
on differential diagnosis, 
treatment options, and com- 
plications. After each exam 
the faculty will give a critique 
and answer questions. 


Each participant will have an 
exam and critique session and 
unlimited observation of 
other sessions. Additional 25 
minute sessions may be ar- 
ranged for $60 and private 
sessions (i.e. no one observ- 
ing) may be arranged for an 
additional $30. 


Limited Enrollment: NEUROLOGY BOARDS REVIEW REGISTRATION 


For: [ ] Mar. 4-9, 1990 — San Francisco 


C June 7-9, 1990 — Minneapolis 
C Oct. 25-27, 1990 — Washington 
LJ] Check enclosed for $ 


L] Please send more information. 
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"Accommodations were comfortable...."* 


GOALS AND LOCATION: The Part I 
course is mostly lectures and evening 
mock oral exams to help you prepare for 
your written and oral exams. The Part II 
course is mostly mock oral exams for two 
or three days before and usually in the 
same city as each oral exam. The course 
hotel will be the best available combina- 
tion of excellent study environment and 
bargain rates. We will inform par- 
ticipants as soon as the hotel contract is 
signed. Please await instructions before 
purchasing your travel tickets. 


"and those little extras...."* 


LOWEST AIR FARES: Please call toll- 
free 1-800-548-8185 for special group 
fares. 


"remarkably complete and pleasant."* 


PLACEMENT SERVICE: For a practice 
opportunity write or call 1-800-356-7537. 


"the most education for the money."* 


FEES AND HOURS: 
e Neurologists or Residents Nro. Res. hrs. 


e Part I March 4-9 $690 $460 60 
e Part II (three days) $450 $300 30 
e Part II (two days) $300 $200 20 


e Repeating course within 3 years: half price 

e Add 10% within 10 days of the course. 

* Attendees not in course hotel add $11/day. 

* A deposit of $50 will reserve your position. 

e Home study materials will be mailed after 
half of the registration fee is received. 


"home study material was extremely helpful."* 


REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begins. 
eCancellations after mailing home study 
material requires retention of half of the fee. 


"I feel it helped me pass the boards."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 


CH IC AGO (a) MIDAS REX"" Institute *Modern Dissection Techniques Of Bone, 
HANDS-ON WORKSHOPS* Biometals, Bioceramics, and Bioplastics" 
728 West Algonquin Road (Arlington Heights) 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They will emphasize a series 
of structured exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS—dissection skills for bonework of the cranium and spine, including attention to 
bioplastics and biometals applicable to neurosurgery. 


OR PERSONNEL—dissection skills to become familiar with the applications of power instru- 
mentation; discussion of and participation in problem solving, care and proper maintenance of 
power equipment. 


«For Neurosurgeons, Plastic, ENT, Craniofacial, 
Maxillofacial, and Otological Surgeons (Neuro 700) 


FEBRUARY 12-13-14 * 22-23-24 
MARCH 29-30-31 

MAY 7-8-9 * 24-25-26 

JUNE 18-19-20 





Rp 7, 3%, ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 (with letter from 
Va: pe m Department Head); All Operating Room Personnel (RN/CST/PA/Other) $250.00. 
(o i7 . Make check to “Chicago Symposium." Mail to: Midas Rex Institute, 2929 Race 
u^ d d Street, Fort Worth, TX 76111. Phone: 800-433-7639 or 817-831-2604. 


*Enrollment is limited. Please call to reserve space before sending check or arrang- 
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MEAN VALPROATE PLASMA CONCENTRATIONS FOLLOWING REPEATED DOSE 
ADMINISTRATION IN NORMAL SUBJECTS (N —11)' 


Formulated for better taste and acceptance 


e Overcomes the limitations of Depakene" (valproic acid) Syrup 
e Better gastrointestinal tolerance 
e Better patient compliance 
—Eliminates unpleasant taste 
- Improves convenience 
—Makes midday dosing easier 
e Less expensive than Depakene Syrup 





Sprinkles on any soft food to make taking an anticonvulsant as easy as eating a snack. 


Switch your patients to 


Has t ii E. L E D 

old etch 125 mg 
ef ete 

€ ¢ Please see adjoining page for full prescribing information, including reported 

side effects of Depakote* anc the warning concerning hepatotoxicity and the 

necessity for monitoring liver function. Please also see Clinical Pharmacology 

section for details on switching patients from Depakene to Depakote Sprinkle 


therapy. 


*Carrigan PJ, Brinker DR, Lamm JE, Cavanaugh JH, Cloyd JC: Divalproex sodium: Evaluation of a multi- 
particulate ("sprinkle" capsule) pediatric dosage form. Neurology 1987;37 (suppl 1):96. 

tCarrigan PJ, Brinker DR, Lamm JE, Cavanaugh JH, Cloyd JC: Divalproex sodium: Evaluation of a 
multiparticulate ("sprinkle" capsule) pediatric dosage form. Presented at the American Academy of 
Neurology Annual Meeting, New York. April 1987, Poster No. 60. 

1Cloyd JC, Kriel RL, Ong B, et al: Valproate absorption and patient acceptance of divalproex sodium- 
Coated particles (sprinkle) in children with epilepsy. Epilepsia 1987;28(5):10. 
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EXPERIENCE HAS INDICATED THAT CHILDREN UNDER THE AGE OF TWO YEARS ARE AT A CONSIDERABLY INCREASED RISK OF 
DEVELOPING FATAL HEPATOTOXICITY, ESPECIALLY THOSE ON MULTIPLE ANTICONVULSANTS. THOSE WITH CONGENITAL METABOLIC 
DISORDERS, THOSE WITH SEVERE SEIZURE DISORDERS ACCOMPANIED BY MENTAL RETARDATION, AND THOSE WITH ORGANIC 
BRAIN DISEASE WHEN DEPAKOTE IS USED IN THIS PATIENT GROUP. IT SHOULD BE USED WITH EXTREME CAUTION AND AS A SOLE 
AGENT. THE BENEFITS OF SEIZURE CONTROL SHOULD BE WEIGHED AGAINST THE RISKS. ABOVE THIS AGE GROUP, EXPERIENCE HAS 
INDICATED THAT THE INCIDENCE OF FATAL HEPATOTOXICITY DECREASES CONSIDERABLY IN PROGRESSIVELY OLDER PATIENT 


GROUPS. 

THESE INCIDENTS USUALLY HAVE OCCURRED DURING THE FIRST SIX MONTHS OF TREATMENT SERIOUS OR FATAL 
HEPATOTOXICITY MAY BE PRECEDED BY NON-SPECIFIC SYMPTOMS SUCH AS LOSS OF SEIZURE CONTROL, MALAISE. WEAKNESS 
LETHARGY, FACIAL EDEMA. ANOREXIA AND VOMITING PATIENTS SHOULD BE MONITORED CLOSELY FOR APPEARANCE OF THESE 
SYMPTOMS. LIVER FUNCTION TESTS SHOULD BE PERFORMED PRIOR TO THERAPY AND AT FREQUENT INTERVALS THEREAFTER 
ESPECIALLY DURING THE FIRST SIX MONTHS 


DESCRIPTION 
Divalproex sodium is a stable co-ordination compound comprised of sodium valproate and valproic acid in a 1:1 molar relationship and 
formed during the partial neutralization of valproic acid with 0.5 equivalent of sodium hydroxide Chemically it i$ designated as sodium 
hydrogen bis(2-propyipentanoate) 
Divalproex sodium occurs as a white powder with a characteristic odor 

DEPAKOTE tablets and Sprinkle capsules are antiepileptics for oral administration. DEPAKOTE Sprinkle capsules contain specially coated 
particles of divalproex sodium equivalent to 125 mg of valproic acid in a hard gelatin capsule. DEPAKOTE tablets are supplied in three dosage 


Strengths containing divalproex sodium equivalent 


Inactive Ingredients 
125 mg Sprinkle capsules. cellulosic polymers, D&C Red No 28. FD&C Blue No 1, gelatin, iron oxide, magnesium stearate. silica gel 
titanium dioxide and triethyl citrate 

DEPAKOTE tablets. cellulosic polymers, diacetylated monoglycerides, povidone, pregelatinized starch (contains corn starch) silica gel, talc 
titanium dioxide and vanillin 

In addition, individual tablets contain. 

125 mg tablets: FD&C Blue No 1 and FD&C Red No 40 

250 mg tablets. FD&C Yellow No. 6 and iron oxide 

500 mg tablets: D&C Red No. 30. FD&C Blue No. 2 and iron oxide 


CLINICAL PHARMACOLOGY 

Divalproex sodium is an antiepileptic agent which dissociates to the valproate ion in the gastrointestinal tract. The mechanism by which 
valproate exerts its antiepileptic effects has not been established. It has been suggested that its activity is related to increased brain levels of 
gamma-aminobutyric acid (GABA) 

Equivalent oral doses of DEPAKOTE (divalproex sodium) products and DEPAKENE (valproic acid) capsules deliver equivalent quantities of 
valproate ion systemically However, the rate of valproate ion absorption may vary with the conditions of use (e.g., fasting or postprandial) 
and the method of administration (e.g., whether the contents of the capsule are sprinkled on food or the capsule is taken intact) 

When subjects are in a fasting state, peak plasma concentrations of valproate ion are observed approximately 3 to 4 hours following 
administration of all DEPAKOTE products 

Experiments indicate that feeding can influence the rate of systemic absorption of valproate. In studies in which the contents of DEPAKOTE 
(divalproex sodium) Sprinkle capsules were sprinkled on applesauce, feeding was tound to delay the time to peak plasma concentration by 
approximately 1.5 hours. 

Compared to DEPAKOTE tablets, however, DEPAKOTE Sprinkle capsules ii the fasting state) exhibit a slower rate of absorption, resulting 
in lower peak plasma concentration (i.e, fluctuations between minimum and maximum plasma valproate concentrations are attenuated) 

While absorption rate from the GI tract and fluctuation in valproate plasma concentrations vary with dosing regimen and formulation, the 
efficacy of valproate in chronic use is not affected. Experience employing dosing regimens trom once-a-day to four-times-a-day, as well as 
Studies in primate epilepsy models involving constant rate infusion, indicate that total daily systemic bioavailability (extent of absorption) is 
the primary determinant of seizure control and that differences in the ratios of plasma peak to trough concentrations between valproate 
formulations are inconsequential from a practical clinical standpoint 

Accordingly, coadministration of oral valproate products with food. and substitution among the various DEPAKOTE and DEPAKENE 
formulations should cause no clinical problems (see DOSAGE AND ADMINISTRATION) Nonetheless, any cages in dosage administration 
or the addition or discontinuance of concomitant drugs. should ordinarily be accompanied by close monitoring of clinical status and 
valproate plasma concentrations 

he plasma halt-life of valproate is typically in the range o! six to sixteen hours. Half-lives in the lower part of the range are usually found 
in patients taking other antiepileptic drugs capable of enzyme induction 

alproate is primarily, metabolized in the liver. The major metabolic routes are glucuronidation, mitochondrial beta oxidation. and 
microsomal oxidation The major metabolites tormed are the glucuronide conjugate, 2-propyl-3-keto-pentanoic acid, and 2-propyl- 
hydroxypentanoic acids. Other unsaturated metabolites have been reported The major route of elimination of these metabolites i5 in the 
urine 

Patients on monotherapy will generally have longer half-lives and higher concentrations of valproate at a given dosage than patients 
receiving polytherapy This is primarily due to enzyme induction Caused by other antiepileptics. which results in enhanced clearance of 
valproate by glucuronidation and microsomal oxidation Because of these changes in val prede Clearance, monitoring of antiepileptic 
concentrations should be intensified whenever concomitant antiepileptics are introduced or withdrawn 

The therapeutic range is commonly considered to be 50 to 100 mcg/ml of total valproate. although some patients may be controlled with 
plasma concentrations that fall outside this range. Valproate is highly bound (90%) to plasma proteins in the therapeutic range, however, 

rotein binding is concentration-dependent and decreases at high valproate concentrations. The binding is variable among patients, and ma 
affected by fatty acids or by highly bound drugs such as salicylate Some clinicians favor monitoring free valproate concentrations, whicl 
may more accurately reflect CNS penetration of valproate As yet, a consensus on the therapeutic range of free concentrations has no! been 
established; however, monitoring total and free valproate may be informative when there are changes in clinical status. concomitant 
medication or valproate dosage. 


INDICATIONS AND USAGE 
DEPAKOTE (divalproex sodium) is indicated for use as sole and adjunctive therapy in the treatment of simple and complex absence seizures, 
and adjunctively in patients with multiple seizure types that include absence seizures 
Simple absence is defined as very brief clouding of the sensorium or loss of consciousness, accompanied by certain generalized epileptic 
bi without other detectable clinical signs. Complex absence is the term used when other signs are also present 
SEE WARNINGS FOR STATEMENT REGARDING FATAL HEPATIC DYSFUNCTION 
CONTRAINDICATIONS 
DIVALPROEX SODIUM SHOULD NOT BE ADMINISTERED TO PATIENTS WITH HEPATIC DISEASE OR SIGNIFICANT DYSFUNCTION 
Divalproex sodium is contraindicated in patients with known hypersensitivity to the drug. 
WARNINGS 
Hepatic failure resulting in fatalities has occu 
first six months of treatment. Serious or fatal hej 
malaise, weakness, lethargy, facial edema, am 


o 125 mg. 250 mg or 500 mg of valproic acid 





in patients receiving valproic acid. These incidents usually have occurred during the 
toxicity may be preceded by nonspecific symptoms such as loss of seizure control 
ia and vomiting. Patients should be monitored cli for appearance of the: 
symptoms. Liver function tests should be performed prior to therapy and at frequent intervals thereafti specially during the first six 
months. However, physicians should not rely totally on serum biochemistry since sts may not be abnormal in all instances, but 
should also consider the results of careful interim medical history ani psi amination. Caution should be observed when 
administering DEPAKOTE products to patients with a nc istory of hepatic dise: Patients on multiple anticonvulsants, children, 
those with pengeni metabolic disorders, those wil re seizure disorders accompanied ation, and those with 
organic brain disease may be at particular risk. Exp has indicated that children under the age of two years are at a considerably 
increased risk of Seveloso fatal hepatotoxicity, especially those with the aforementioned conditions. When DEPAKOTE is used in this 
patient t group, it should be used with extreme caution and as a sole agent. The benefits of seizure control should be weighed against the 
ir ae this age group, experience has indicated that the incidence of fatal hepatotoxicity decreases considerably in progressively 
older patient groups. 
Th yH shouid be discontinued immediately in the presence of significant hepatic dysfunction, suspected or apparent. In some 
cases, hepatic dysfunction has progressed in spite of discontinuation of ng: 
The frequency of adverse effects Und elevated liver enzymes) may be dose-related. The benefit of improved seizure control which 
may accompany the higher doses should therefore be weighed against the possibility of a greater incidence of adverse effects 
saye in Pregnancy: ACCORDING TO PUBLISHED AND UNPUBLISHED REPORTS, VALPROIC ACID MAY PRODUCE TERATOGENIC 
EFFECTS IN THE OFFSPRING OF HUMAN FEMALES RECEIVING THE DRUG DURING PREGNANCY 
THERE ARE MULTIPLE REPORTS IN THE CLINICAL LITERATURE WHICH INDICATE THAT THE USE OF ANTIEPILEPTIC DRUGS DURING 
PREGNANCY RESULTS IN AN INCREASED INCIDENCE OF BIRTH DEFECTS IN THE OFFSPRING ALTHOUGH DATA ARE MORE EXTENSIVE 
WITH RESPECT TO TRIMETHADIONE, PARAMETHADIONE, PHENYTOIN, AND PHENOBARBITAL REPORTS INDICATE A POSSIBLE SIMILAR 
ASSOCIATION WITH THE USE OF OTHER ANTIEPILEPTIC DRUGS. THEREFORE, ANTIEPILEPTIC DRUGS SHOULD BE ADMINISTERED TO 
WOMEN OF CHILDBEARING POTENTIAL ONLY IF THEY ARE CLEARLY SHOWN TO BE ESSENTIAL IN THE MANAGEMENT OF THEIR 
THE INCIDENCE OF NEURAL TUBE DEFECTS IN THE FETUS MAY BE INCREASED IN MOTHERS RECEIVING VALPROATE DURING THE 
FIRST TRIMESTER OF PREGNANCY THE CENTERS FOR DISEASE CONTROL ua HAS ESTIMATED THE RISK OF VALPROIC ACID 
EXPOSED WOMEN HAVING CHILDREN WITH SPINA BIFIDA TO BE APPROXIMATELY 1 TO 2%.' THIS RISK IS SIMILAR TO THAT FOR NON- 
EPILEPTIC WOMEN WHO HAVE HAD CHILDREN WITH NEURAL TUBE DEFECTS (ANENCEPHALY AND SPINA BIFIDA 
ANIMAL STUDIES ALSO HAVE DEMONSTRATED VALPROATE INDUCED TERATOGENICITY Studies in rats and human females 
demonstrated placental transfer of the drug Doses greater than 65 mg/kg/day given to pregnant rats and mice produced skeletal 
abnormalities in the offspring, primarily involving ribs and vertebrae, doses greater than 150 Dn iei anen to pregnant rabbits produced 
fetal resorptions and manh soft-tissue abnormalities in the offspring. In rats a dose-related delay in the onset of parturition was noted 
Foarman rowth ang Survival of the progeny were adversely affected, particularly when drug administration spanned the entire gestation and 
early lactation perio 
Antiepileptic drugs should not be discontinued in patients in whom the drug is administered to prevent major seizures because of the 
strong possibility of precipitating status ement cus with attendant hypoxia and threat to life In individual cases where the severity and 
frequency of the seizure disorder are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the 
drug may be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor seizures do not pose 
some hazard to the developing embryo or fetus. 
The prescribing physician will wish to weigh these considerations in treating or counseling epileptic women of childbearing potential. 


PRECAUTIONS 
Hepatic Dystunction: See BOXED WARNING. CONTRAINDICATIONS AND WARNINGS 

General: Because of reports of thrombocytopenia, inhibition of the secondary phase of platelet aggregation, and abnormal coagulation 
parameters, platelet counts and coagulation tests are recommended before initiating therapy and at periodic intervals. It is recommended 
that patients receiving DEPAKOTE (divalproex sodium) be monitored for platelet count and coagulation parameters prior to planned surgery 
Evidence of hemorrhage, bruising or a disorder of hemostasis/coagulation is an indication for reduction of the dosage or withdrawal ot 
therapy 

Hyperammonemia with or without lethargy or coma has been reported and may be present in the absence of abnormal liver function tests 
It clinically significant elevation occurs. DEPAKOTE products should be discontinued 

Since valproate may interact with concurrently administered antiepileptic drugs, periodic plasma concentration determinations of 




























AN INNOVATION 
IN ANTICONVULSANT 
DOSAGE TECHNOLOGY 


concomitant antiepileptic drugs are recommended during the early course of therapy (See DRUG INTERACTIONS) 

Valproate is partially eliminated in the urine as a keto-metabolite which may lead fo a false interpretation of the urine ketone test 

There have Seen reports of altered thyroid function tests associated with valproate The clinical significance of these is unknown. 

Information for Patients. Since DI FAKOTE produce may produce CNS depression, especially when combined with another CNS 
depressant (e.g. aano y, patients should be advised not to engage in hazardous activities, such as driving an automobile or operating 
dangerous machinery, until it is known that they do not become drowsy from the dru 

rug Interactions. Valproate may potentiate the CNS depressant activity of alcohol 

The concomitant administration of valproate with drugs that exhibit extensive protein binding (e.g . aspirin, carbamazepine, dicumarol and 
phenytoin) may result in alteration of serum drug concentrations. 

THERE IS EVIDENCE THAT VALPROATE CAN CAUSE AN INCREASE IN SERUM PHENOBARBITAL CONCENTRATIONS BY IMPAIRMENT OF 
NONRENAL CLEARANCE. THIS PHENOMENON CAN RESULT IN SEVERE CNS DEPRESSION. THE COMBINATION OF VALPROATE AND 
EPRESSION WITHOUT SIGNIFICANT ELEVATIONS OF BARBITURATE 


MONITORED FOR NEUROLOGICAL TOXICITY. SERUM BARBITURATE CONCENTRATIONS SHOULD BE OBTAINED, IF POSSIBLE, AND THE 
BARBITURATE DOSAGE DECREASED, IF APPROPRIATE 

Primidone is metabolized to a barbiturate and, therefore, may also be involved in a similar or identical interaction 

THERE HAVE BEEN REPORTS OF BREAKTHROUGH SEIZURES OCCURRING WITH THE COMBINATION OF VALPROATE AND PHENYTOIN 
MOST REPORTS HAVE NOTED A DECREASE IN TOTAL PLASMA PHENYTOIN CONCENTRATION, HOWEVER, INCREASES IN TOTAL 
PHENYTOIN SERUM CONCENTRATION HAVE BEEN REPORTED. AN INITIAL FALL WITH SUBSEQUENT INCREASE IN TOTAL PHENYTOIN 
CONCENTRATIONS HAS ALSO BEEN REPORTED. IN ADDITION, A DECREASE IN TOTAL SERUM PHENYTOIN WITH AN INCREASE IN THE 
FREE VS. PROTEIN BOUND PHENYTOIN CONCENTRATIONS HAS BEEN REPORTED. THE DOSAGE OF PHENYTOIN SHOULD BE ADJUSTED 
AS REQUIRED BY THE CLINICAL SITUATION 

THE CONCOMITANT USE OF VALPROIC ACID AND CLONAZEPAM MAY PRODUCE ABSENCE STATUS. 

There is inconclusive evidence regarding the effect of valproate on serum ethosuximide concentrations. Patients feo ao valproate and 
ethosuximide, especially along with other anticonvulsants, should be monitored for alterations in serum concentrations of both drugs. 

Caution is recommended when valproate is used with drugs affecting coagulation (e.g., aspirin, warfarin). See ADVERSE REACTIONS 

Evidence suggests that there is an association between the use of certain antiepileptics and failure of oral contraceptives, One explanation 
tor this interaction is that enzyme-inducing antiepileptics effectively lower plasma concentrations of the relevant steroid hormones, resulting 
in unimpaired ovulation. However, olher mechanisms, not related to enzyme induction, may contribute to the failure ot oral contraceptives 
While valproate is not a significant enzyme inducer, and, therefore, would not be expected fo decrease concentrations of steroid hormones, 
clinical data about the interaction of valproate with oral contraceptives is minimal. 

Carcinogenes:s: Valproic acid was administered to Sprague Dawley rats and ICR (HA/ICR) mice at doses of 0, 80 and 170 mg/kg/day tor 
two years. A variety of neoplasms were observed in both species. The chief findings were a statistically significant increase in the incidence 
of subcutaneous fibrosarcomas in high dose male rats receiving valproic acid and a statistically significant dose-related trend for benign 
pulmonary adenomas in male mice receiving valproic acid. The significance of these findings for humans is unknown. 

Mutagenesis. Studies on valproate have been performed using bacterial and mammalian systems. These studies have provided no 
evidence of a mutagenic potential for valproate 

Fertility; Chronic toxicity studies in juvenile and adult rats and dogs demonstrated reduced spermatogenesis and testicular atrophy at 
doses greater than 200 mo/kg/day in rats and greater than 90 mg/kg/day in dogs. Segment 1 fertility studies in rats have shown doses up to 
350 mag da tor 60 days to have no effect on fertility THE EFFECT OF VALPROATE ON TESTICULAR DEVELOPMENT AND ON SPERM 
PRODUCTION AND FERTILITY IN HUMANS IS UNKNOWI 

Pregnancy: Pregnancy Category D: See WARNINGS 

Nursing Mothers. Valproate is excreted in breast milk. Concentrations in breast milk have been reported to be 1-10% of serum 
concentrations. I* is not known what effect this would have on a nursing infant. Caution should be exercised when divalproex sodium is 
administered to a nursing woman. 


ADVERSE REACTIONS 
Since divalproex sodium has usually been used with other antiepileptic drugs, it is not possible, in most cases, to determine whether the 
following adverse reactions can be ascribed to divalproex sodium alone, or the combination of drugs. 

Gastrointestinal The most commonly reported side effects at the initiation of lera are nausea, vomiting and indigestion These effects 
are usually transient and rarely require discontinuation of therapy Diarrhea abdominal cramps and constipation have been reported. Both 
anorexia with some weight loss and increased appetite with weight pn have also beeg reported. The administration of delayed-release 
divalproex sodium may result in reduction of gastrointestinal side effects in some patients 

CNS Effects. Sedative effects have occurred in patients receiving valproate alone but occur most often in patients receiving combination 
therapy Sedation usually abates upon reduction of other antiepileptic medication. Tremor (may be dose-related), ataxia, headache 
nystagmus, diplopia, asterixis, ‘spots before eyes,” dysarthria, dizziness and incoordination. Rare cases of coma have occurred in patients 
receiving valproate alone or in conjunction with phenobarbital. 

Dermatologic: Transient hair loss, skin rash, photosensitivity, generalized pruritus and erythema multiforme A case of fatal epidermal 
necrolysis has been reported in a 6 month old infant taking valproate and several other concomitant medications, 

Psychiatric: Emotional upset, depression, psychosis, aggression, hyperactivity and behavioral deterioration 

Musculoskeleta! Weakness. 

eth Thrombocytopenia and inhibition of the secondary phase of Bes e patior may be reflected in altered bleeding time. 

etechiae, bruising, hematoma formation and frank hemorrhage (see PRECAUTII - General and Drug Interactions). Relative 
lymphocytosis, hyoofibrinogenemia, leukopenia, eosinophilia, anemia and bone marrow suppression 

lepatic:. Minor elevations of transaminases (e g.. SGOT and SGPT) and LDH are frequent and appear to be dose related. Occasionally, 
laboratory test results include increases in serum bilirubin and abnormal changes in other liver function tests. These results may reflect 
potentially serious hepatotoxicity (see WARNINGS) 

Endocrine \rregular menses, secondary amenorrhea, breast enlargement, galactorrhea and parotid gland swelling. Abnormal thyroid 
function tests (see PRECAUTIONS) 

Pancreatic. Acute pancreatitis ine rare fatal cases) 

Metabolic. Hyperammonemia (see PRECAUTIONS) 

Viper nma has occurred and was associated with a fatal outcome in a patient with preexistent nonketotic hyperglycinemia. 

ther: Edema of the extremities 


OVERDOSAGE 
Overdosage with valproate may result in deep coma 

The benefit of gastric lavage or emesis will vary with the time since ingestion. General supportive measures should be applied with 
particular attention to the maintenance of adequate urinary output 

Naloxone has been reported to reverse the CNS depressant effects of valproate overdosage Because naloxone could theoretically also 
reverse the antiepileptic effects of valproate, it should be used with caution 


DOSAGE AND ADMINISTRATION 

DEPAKOTE tablets and Sprinkle capsules are administered orally. The recommended initial dose is 15 mg/kg/day, increasing at one week 
intervals by 5 to 10 mg/kg/day until seizures are controlled or side effects preclude further increases. The maximum recommended dosage is 
60 mg/kg/day If the total daily dose exceeds 250 mg, it should be piven in a divided regimen 

Administration of Sprinkle Capsule. DEPAKOTE Sprinkle capsules may be swallowed whole or may be administered by carefully opening 
the capsule and sprinkling the entire contents on a small amount (teaspoontul) of soft food such as applesauce or pudding. The drug/foot 
mixture should be swallowed immediately avoid chewing) and not stored for future use. Each capsule is oversized to allow ease of opening. 

Conversion from DEPAKENE to DEPAKOTE n patients previously receiving DEPAKENE (valproic paid) therapy DEPAKOTE products 
should be initiated at the same daily dose and dosing schedyle. After the patient is stabilized on a DEPAKOTE product, a dosing schedule of 
two or three times a T may be elected in selected patients. 

DEPAKOTE products proving equal extent of absorption, although they may not produce identical trough and peak valproate 
concentrations. DEPAKOTE tablets produce slightly higher peak concentrations than DEPAKOTE Sprinkle capsules. Such differences in the 
maximum and minimum valproate plasma concentrations are unlikely to be of clinical Stonilicance: however, changes in dosage 
administration of valproate or concomitant medications should be accompanied by increased monitoring of plasma concentrations of 
valproate and other medications, as well as the patient s clinical status. 

he frequency of adverse effects (particularly elevated liver enzymes) may be dose-related The benefit of improved seizure control with 
higher doses should be weighed against the possibility of a greater incidence of adverse reactions 

‘A good correlation has not been established between daily dose, serum concentration and therapeutic effect. However, therapeutic 
valproate serum concentrations for most purs will range from 50 to 100 mcg/mi. Some patients may be controlled with lower or higher 
serum concentrations (see CLINICAL PHARMACOLOGY) 

PREDA DEPAKOTE dosage is titrated upward. blood concentrations of phenobarbital and/or phenytoin may be affected. (See 
) 

Patients who experience G | irritation may benefit from administration of the drug with food or by slowly building up the dose trom an 

initial low level 


HOW SUPPLIED 
DEPAKOTE Sprinkle capsules (divalproex sodium goated particles in Er y 125 mg. are white opaque and blue. and are supplied in 
bottles of 100 (NDC 0074-6114-13) and Abbo-Pac® unit dose packages of 100 (NDC 0074-6114-11), 
DEPAKOTE tablets {divalproex sodium delayed-release tablets) are supplied as. 
125 mg salmon pink-colored tablets 
Bottles of 100 (NDC 0074-6212-13) 
Abbo-Pac® unit dose packages of 
100 (NDC 0074-6212-11) 
250 mg peach-colored tablets 
Bottles of 100 (Nog 0074-6214-13 
Bottles of 500 NDC 0074-6214-53 
Abbo-Pac® unit dose package of 
100 (NDC 0074-6214-11) 
500 mg lavender-colored tablets 
Bottles of 100 (noe 0074-6215-13 
Bottles of 500 NDC 0074-6215-53 
Abbo-Pac® unit dose packages of 
100 (NDC 0074-6215-11) 
Store capsules below 86°F (30°C) 
REFERENCES 
1. Centers for Disease Control, Valproate: A New Cause of Birth Defects — Report from Italy and Follow-up from France, Morbidity and 
Mortality Weekly Peport 32(33).438-439, August 26, 1983, 
2. Mattson, RH, et al, Use of Oral Contraceptives by Women with Epilepsy JAMA 256(2).238-240. July 11, 1986 
3. Wilder, BJ, et al, Gastrointestinal Tolerance of Divalproex Sodium, Neurology 33:808-811, June 1983 
4. Wilder, BJ, et al, Twice-Daily Dosing of Valproate with Divalproex, Clin Pharmacol Ther 34(4).501-504, 1983 
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Caution — Federal (USA) Law prohibits dispensing without prescription 
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CALENDAR OF MEETINGS 


International Conference on Xenon/Computed Tomography of Cerebral Blood Flow, Orlando, Fla. 
Contact Marilyn Marks, Senior Conference Coordinator, 200 Meyran Ave, First Floor, Pittsburgh, 
PA 15213; (412) 624-1023. 

“Clinical Neurology for Psychiatrists,” sponsored by Albert Einstein College of Medicine-Monte- 
fiore Medical Center, Bahia Mar Resort, Fort Lauderdale, Fla. Contact Office of Continuing Medical 
Education, Albert Einstein College of Medicine-Montefiore Medical Center, 111 E 210 St, Bronx, 
NY 10467; (212) 920-6676. 

Neural Regeneration and Transplantation, Singapore. Contact Dr L. J. Garey, Department of Anat- 
omy, National University of Singapore, Kent Ridge, Singapore 051 1. 

23rd Recent Annual Advances in Neurology, Fairmont Hotel, San Francisco, Calif. Contact 
Extended Programs in Medical Education, University of California, Room 569-U, San Francisco, CA 
94143-0742; (415) 476-4251. 

Annual Meeting of the Western Electroencephalographic Society, Santa Monica, Calif. Contact 
Bonnie Becker, Executive Secretary, Western Electoencephalographic Society, Good Samaritan 
Hospital, Suite 400, 1040 NW 22nd Ave, Portland, OR 97210; (503) 229-7721. 

"Recent Advances in Geriatric Medicine: Treating the Five Major Causes of Death and Disability 
in the 90s," Catamaran Resort Hotel, San Diego, Calif. Contact Cass Jones, Professional Confer- 
ence Management Inc, 7916 Convoy Ct, San Diego, CA 92111; (619) 565-9921. 

“The Practicing Physician's Approach to the Difficult Headache Patient," Wyndham Hotel, Palm 
Springs, Calif. Contact Idell Applebaum, Diamond Headache Clinic, 5252 N Western Ave, Chicago, 
IL 60625; (312) 878-5558. 

"Clinical Neurology for Psychiatrists,” sponsored by Albert Einstein College of Medicine-Monte- 
fiore Medical Center, Century Plaza, Los Angeles, Calif. Contact Office of Continuing Medical Ed- 
ucation, Albert Einstein College of Medicine-Montefiore Medical Center, 111 E 210 St, Bronx, NY 
10467; (212) 920-6676. 

Neuroradiology Review, sponsored by the American Registry of Pathology and Armed Forces In- 
stitute of Pathology, Hyatt Regency, Bethesda, Md. Contact C. A. Tuchis, American Registry of Pa- 
thology, Room 1062, Armed Forces Institute of Pathology, Washington, DC 20306-6000; 
(202) 576-2980. 

Neuropathology Review, sponsored by the American Registry of Pathology and Armed Forces In- 
Stitute of Pathology, Hyatt Regency, Bethesda, Md. Contact C. A. Tuchis, American Registry of Pa- 
thology, Room 1062, Armed Forces Institute of Pathology, Washington, DC 20306-6000; 
(202) 576-2980. 

Fourth Annual Magnetic Resonance Imaging Conference, Mariott's Camelback Inn Resort, Scotts- 
dale, Ariz. Contact Kevin King, RT, Education Coordinator, Radiologic Education Center, St 
Joseph's Hospital and Medical Center, 350 W Thomas Rd, Phoenix, AZ 85013; (602) 285-3956. 
"Epilepsy Advances,” Towsley Center, Ann Arbor, Mich. Contact Debbie DeSmyther, Program As- 
sistant, Office of Continuing Medical Education, G- 1100 Towsley Center, Box 0201, University of 
Michigan Medical School, Ann Arbor, MI 48109-0201; (313) 763-1400. 

Seventeenth Annual Symposium of the Barrow Neurological Institute, "Recent Advances in Neu- 
rology and Neurosurgery," Camelback Inn Resort, Scottsdale, Ariz. Contact Toby Jardine, 
Manager, BNI Administration, Barrow Neurological Institute, 350 W Thomas Rd, Phoenix, AZ 85013; 
(602) 285-3178 or 1-800-BARROW- t. 

New York Neuropsychology Group's 11th Annual Conference, New York University Medical Cen- 
ter, New York, NY. Contact F. Frank LeFever, PhD, Helen Hayes Hospital, West Haverstraw, NY 
10993; (914) 947-3000, extension 3110. 

The First Annual Postgraduate Electromyography Review Course, Department of Neurology, Uni- 
versity of lowa College of Medicine, lowa City. Contact Deborah L. Hatz, Program Coordinator, Uni- 
versity of lowa College of Medicine, lowa City, IA 52242; (319) 335-8598. 

24th Comprehensive Review Course in Physical Medicine and Rehabilitation, Houston (Tex) Mar- 
riott Astrodome. Contact Holly A. Ford, Program Coordinator, The Office of Continuing Education, 
Baylor College of Medicine, One Baylor Plaza, Houston, TX 77030; (713) 798-6020. 

13th Annual Meeting of the American Society of Neuroimaging, Catamaran Resort Hotel, San Di- 
ego, Calif. Contact American Society of Neuroimaging, 2221 University Ave SE, Suite 340, Min- 
neapolis, MN 55414; (612) 378-7240. 

"Drugs, Behavior, and the Brain: Advances in Positron Emission Tomographic and Single Proton 
Emission Computed Tomographic Imaging of the Brain," The Johns Hopkins Medical Institutions, 
Baltimore, Md. Contact Patty Campbell, Program Coordinator, The Johns Hopkins Medical Institu- 
tions, Office of Continuing Education, 720 Rutland Ave, Baltimore, MD 21205; (301) 955-6046. 
“Surgery for Epilepsy,” National Institutes of Health, Bethesda, Md. Contact Conference Registrar, 
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Dosage Guidelines 

Individualized dosage—a key to clinical 
success with SINEMET 

e begin when symptoms first interfere with 
normal function 

e adjust as necessary to help maintain relief of 
symptoms 


For initial therapy... 
Start with: 


SINEMET 25-100 
containing 25 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


one tablet t.i.d. 


If necessary, to control symptoms, dosage may 
be increased by one tablet every day or every 
other day until a dosage of eight tablets of 
SINEMET 25-100 a day is reached. 


When it is evident that patients 
need more levodopa... 
Transfer to: 


SINEMET 25-250 
containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 

If still more levodopa is necessary, dosage with 
SINEMET 25-250 may be increased by one-half 
to one tablet every day or every other day to a 
maximum of eight tablets a day. 


When individualizing dosage... 
Titrate with: 


SINEMET 10-100 
containing 10 mg carbidopa 
(anhydrous equivalent) and 
400 mg levodopa 


or SINEMET 25-100 
or SINEMET 25-250 


The optimum daily dosage of SINEMET must 
be determined by careful titration in each 
patient. Tablets of the three strengths may be 
given separately or combined as needed to 
provide the optimum daily dosage. 


For patients transferred 


from levodopa 

DISCONTINUE LEVODOPA AT LEAST 

8 HOURS BEFORE STARTING SINEMET. 

The starting dose for SINEMET should provide 
about 25 percent of previous levodopa require- 
ments. (Patients receiving less than 1500 mg of 
levodopa a day should be started on one tablet 
of SINEMET 25-100 t.i.d. or q.i.d.) 


For full details on dosage and 
administration, see Prescribing 
Information. 





For many parkinsonian patients when symptoms first impair normal function 


sinemet’ 


(Carbidopa-Levodopa | MSD) 


When SINEMET is to be given to patients who are 
being treated with levodopa, levodopa must be dis- 
continued at least 8 hours before therapy with 
SINEMET is started. in order to reduce adverse reac- 
tions, itis necessary to individualize therapy. See the 
WARNINGS (below) and DOSAGE AND ADMINIS- 
TRATION sections in the Prescribing Information 
before initiating therapy. 

Contraindications: MAO inhibitors and SINEMET should 
not be given concomitantly. MAO inhibitors must be dis- 
continued at least 2 weeks prior to initiating therapy with 
SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant mela- 
noma, it should not be used in patients with suspicious, 
undiagnosed skin lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 
hours before SINEMET is started. SINEMET should be sub- 
Stituted at a dosage that will provide approximately 25 
percent of the previous levodopa dosage. (See DOSAGE 
AND ADMINISTRATION section of Prescribing Information.) 
Patients taking SINEMET should be instructed not to take 
additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary 
movements and mental disturbances. These reactions may 
be due to increased brain dopamine following administra- 
tion of levodopa. All patients should be observed carefully 
for development of depression with concomitant suicidal 
tendencies. Treat with caution patients with past or current 
psychoses. Because carbidopa permits more levodopa to 
reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with 
SINEMET than with levodopa. Occurrence of dyskinesias 
may require dosage reduction. 

SINEMET should be administered cautiously to 
patients with severe cardiovascular or pulmonary disease, 
bronchial asthma, renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with 
levodopa, to patients with history of myocardial infarction 
who have residual atrial, nodal, or ventricular arrhythmias. In 
such patients, cardiac function should be monitored with 
particular care during period of initial dosage adjustment, in 
a facility with provisions for intensive cardiac care. 

As with levodopa, there is possibility of upper GI hem- 
orrhage in patients with history of peptic ulcer, 

A symptom complex resembling the neuroleptic 
malignant syndrome including muscular rigidity, elevated 
body temperature, mental changes, and increased serum 
creatine phosphokinase has been reported when anti- 
parkinsonian agents were withdrawn abruptly. There- 
fore, patients should be observed carefully when the 
dosage of SINEMET is reduced abruptly or discontinued, 
especially if the patient is receiving neuroleptics. 

Usage in Pregnancy and Lactation: Although effects 
of SINEMET on human pregnancy and lactation are 
unknown, both levodopa and combinations of carbidopa 
and levodopa have caused visceral and skeletal malforma- 
tions in rabbits. Use of SINEMET in women of childbearing 
potential requires that anticipated benefits of the drug be 
weighed against possible hazards to mother and child. 
SINEMET should not be given to nursing mothers. 

Usage in Children: Safety of SINEMET in patients 
under 18 has not been established. 

Precautions: As with levodopa, periodic evaluations of 
hepatic, hematopoietic, cardiovascular, and renal function 
are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular pres- 
sure is well controlled and patient is monitored carefully for 
changes in intraocular pressure during therapy. 

LaboratoryTests: Abnormalities in laboratory tests may 
include elevations of liver function tests such as alkaline 
phosphatase, SGOT (AST), SGPT (ALT), lactic dehydroge- 
nase, and bilirubin. Abnormalities in protein-bound iodine, 
blood urea nitrogen, and positive Coombs test have also 
been reported. Commonly, levels of blood urea nitrogen, 
creatinine, and uric acid are lower during administration of 
SINEMET than with levodopa. 


Manufactured by 
Merck Sharp & Dohme 
Div. of Merck & Co., Inc., West Point, PA 19486, USA 


SINEMET? (Carbidopa-Levodopa, MSD) may cause a 
false-positive reaction for urinary ketone bodies when a test 
tapeis used for determination of ketonuria. This reaction will 
not be altered by boiling the urine specimen. False-negative 
tests may result with the use of glucose-oxidase methods of 
testing for glucosuria. 


Drug Interactions: Caution should be exercised when 
the following drugs are administered concomitantly with 
SINEMET. 

Symptomatic postural hypotension can occur when 
SINEMET is added to the treatment of a patient receiving 
antihypertensive drugs. Therefore, when therapy with 
SINEMET is started, dosage adjustment of the antihyper- 
tensive drug may be required. For patients receiving 
monoamine oxidase inhibitors, see CONTRAINDICATIONS 
(above). 

There have been rare reports of adverse reactions, 
including hypertension and dyskinesia, resulting from the 
concomitant use of tricyclic antidepressants and SINEMET. 

Phenothiazines and butyrophenones may reduce the 

therapeutic effects of levodopa. In addition, the beneficial 
effects of levodopa in Parkinson's disease. have been 
reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be care- 
fully observed for loss of therapeutic response. 
Adverse Reactions: Most common serious adverse reac- 
tions occurring with SINEMET are choreiform, dystonic, 
and other involuntary movements. Other serious adverse 
reactions are mental changes including paranoid ideation 
and psychotic episodes, depression with or without devel- 
opment of suicidal tendencies, and dementia. Convulsions 
also have occurred; however, a causal relationship with 
SINEMET has not been established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregulari- 
ties and/or palpitation, orthostatic hypotensive episodes, 
bradykinetic episodes (the "on-off" phenomenon), 
anorexia, vomiting, and dizziness. 

Rarely, GI bleeding, development of duodenal ulcer, 
hypertension, phlebitis, hemolytic and non-hemolytic ane- 
mia, thrombocytopenia, leukopenia, and agranulocytosis 
have occurred. 

Laboratory tests which have been reported to be 
abnormal are alkaline phosphatase, SGOT (AST), SGPT 
(ALT), lactic dehydrogenase, bilirubin, blood urea nitrogen, 
protein-bound iodine, and Coombs test. 

Other adverse reactions that have been reported with 
levodopa are: Nervous System: ataxia, numbness, 
increased hand tremor, muscle twitching, muscle cramps, 
blepharospasm (which may be taken as an early sign of 
excess dosage, consideration of dosage reduction may be 
made at this time), trismus, activation of latent Horner's 
syndrome. Psychiatric: confusion, sleepiness, insomnia, 
nightmares, hallucinations, delusions, agitation, anxiety, 
euphoria. Gastrointestinal: dry mouth, bitter taste, sialor- 
thea, dysphagia, bruxism, hiccups, abdominal pain and 
distress, constipation, diarrhea, flatulence, burning sensa- 
tion of tongue. Metabolic: weight gain or loss, edema. 
Integumentary: malignant melanoma (see also CON- 
TRAINDICATIONS), flushing, increased sweating, dark 
sweat, skin rash, loss of hair. Genitourinary: urinary reten- 
tion, urinary incontinence, dark urine, priapism. Special 
Senses: diplopia, blurred vision, dilated pupils, oculogyric 
crises. Miscellaneous: weakness, faintness, fatigue, 
headache, hoarseness, malaise, hot flashes, sense of stim- 
ulation, bizarre breathing patterns, neuroleptic malignant 
syndrome. 

Overdosage: Management of acute overdosage with 
SINEMET is basically the same as management of acute 
overdosage with levodopa; however, pyridoxine is not effec- 
tive in reversing the actions of SINEMET. 

How Supplied: Tablets of SINEMET 10-100, SINEMET 
25-100, and SINEMET 25-250 are supplied in bottles of 
100 and unit dose packages of 100. 

Storage 

Tablets SINEMET 10-100 and Tablets SINEMET 25-250 
must be protected from light. 


For more detailed information, consult your 
Du Pont Representative or see Prescribing 
Information. (117) 
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Pseudothalamic Syndrome With 
Conduction Aphasia 


To the Editor. —The syndrome of right 
pseudothalamie hemisensory distur- 
bance(Foix-Chavany-Lévy syndrome!) 
with conduction aphasia as reported 
by Hyman and Tranel? is interesting, 
but the authors forgot to mention that 
it was reported previously. At least 
two articles have appeared on that 
subject in the French-language liter- 
ature.** In these patients, the lesion 
topography on computed tomography 
was similar to that of Hyman and 
Tranel's patient, being mainly subcor- 
tieal in the territory of the anterior 
parietal artery. In the Lausanne 
Stroke Registry, 4 of 258 patients with 
acute left infarct in the superficial ter- 
ritory of the middle cerebral artery 
showed this syndrome,’ suggesting 
that it may not be of extreme rarity. 
J. BocoussLAvskv, MD 
Department of Neurology 
CHUV 


1011 Lausanne, 
Switzerland 


1. Foix C, Chavany JA, Lévy M. Syndrome 
pseudo-thalamique d'origine pariétale. Lésion de 
l'arére du sillon interpariétal (P, P, P, an- 
térieures, petit territoire insulo-capsulaire). Rev 
Neurol. 1927;35:68-76. 

2. Hyman BT, Tranel D. Hemianesthesia and 
aphasia: an anatomical and behavioral study. 
Arch Neurol. 1989;46:816-819. 

3. Lhermitte F, Desi M, Signoret JL, Deloche G. 
Aphasie kinesthésique associée 4 un syndrome 
pseudothalamique. Rev Neurol. 1980;136:675-688. 

4. Bogousslavsky J, Assal G, Regli F. Aphasie 
afférente motrice et hémisyndrome sensitif droit: 
le syndrome de l'artére pariétale antérieure 
gauche. Rev Neurol. 1982;138:649-655. 

5. Bogousslavsky J, Van Melle G, Regli F. Mid- 
dle cerebral artery pial territory infarcts: a study 
of the Lausanne Stroke Registry. Ann Neurol. 
1989;25:555-560. 


In Reply.—We thank Bogousslavsky! 
for calling to our attention the previ- 
ous reports of cases similar to ours? 
that appeared in the French-language 
literature. We regret having over- 
looked them, but we did not forget 
them. It would be interesting to know 
if those patients showed the same ex- 
cellent recovery of speech and lan- 
guage, as Hyman and I reported for 
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our patient (chronic epoch informa- 
tion was not provided in either report). 
Both patients appeared to have more 
cortical involvement than our patient, 
but the lesions are nonetheless quite 
similar. We would predict that those 
patients would also demonstrate ex- 
tensive language recovery. 

DANIEL TRANEL, PHD 

Department of Neurology 


University of Iowa College of Medicine 
Iowa City, lowa 52242 


1. Bogousslavsky J. Pseudothalamic syndrome. 
Arch Neurol. 1990;47:124. 

2. Hyman BT, Tranel D. Hemianesthesia and 
aphasia: an anatomical and behavioral study. 
Arch Neurol. 1989;46:816-819. 

3. Lhermitte F, Desi M, Signoret JL, Deloche G. 
Aphasie kinesthésique associée à un syndrome 
pseudothalamique. Rev Neurol. 1980;136:675-688. 

4. Bogousslavsky J, Assal G, Regli F. Aphasie 
afférente motrice et hémisyndrome sensitif droit: 
le syndrome de l'artére pariétale antérieure 
gauche. Rev Neurol. 1982;138:649-655. 


Ischemia May Be the Primary Cause 
of Neurological Deficits in Classic 
Migraine 


To the Editor.—The publication “Is- 
chemia May Be the Primary Cause of 
Neurological Deficits in Classic Mi- 
graine" by Skyhgj Olsen et al' is being 
increasingly cited as a source of evi- 
dence that the brain is ischemic during 
migraine attacks. We have, after pe- 
rusal of the article, found several fal- 
lacies that undermine the authors' 
conclusions. 

The article sought to examine the 
effect of Compton scattered radiation 
on the measurement of regional cere- 
bral blood flow (rCBF) in patients with 
classic migraine. The rCBF measure- 
ments were performed with the in- 
tracarotid xenon 133 technique? and a 
gamma camera with 254 collimated 
scintillation detectors covering the 
lateral aspect of the hemisphere. The 
spatial resolution is of the order of 1 
cm. Measurements (2 to 8) were per- 
formed in the resting condition during 
the migraine attacks in each of the 11 
patients, and a total of 42 studies were 
carried out. For each measurement a 
low-flow region was defined on the ba- 


sis of comparison with the distribution 
of rCBF in a group of healthy individ- 
uals. The region outside the low-flow 
region is described as “non-affected.” 

In each of the 42 measurements, 3 
rCBF values are selected in the low- 
flow regions, each representing the 
value of 1 of the 254 channels: the 
highest rCBF value closest to the non- 
affected region, the lowest rCBF value 
farthest away from the nonaffected 
region, and the rCBF in the center of 
the low-flow region. The correlations 
between each of the 3 sets of rCBF val- 
ues and the mean rCBF of the nonaf- 
fected regions are calculated. Since 
these values are significantly different 
from 0, it is concluded that the rCBF of 
low-flow regions is influenced by 
Compton scattered radiation leading 
to an overestimation of the “virtual” 
rCBF. The authors conclude: “The low- 
est low-flow values were always re- 
corded here (the areas farthest away), 
while the highest flow values were re- 
corded in the areas closest to the non- 
affected regions. Cerebral blood flow in 
the center of the hypoperfused regions 
appeared between these two extremes. 
This suggests that CBF, in fact, was 
uniform in the low-flow area, and that 
the lowest values represent the best 
estimate of CBF in the low-flow re- 
gion.” 

The first crucial point concerns the 
selection of data: The rCBF values of 
the region “closest to” the nonaffected 
region were selected as the highest 
value in one single channel of the low- 
flow region, and represent neither a 
typical rCBF value nor the median or 
mean value of a row of detectors 
aligned in the border zone between the 
“nonaffected” and “affected” brain re- 
gions. In a similar fashion, the lowest 
rCBF of the low-flow region was se- 
lected as the lowest value in one single 
channel of the low-flow region farthest 
away from the “nonaffected” region. 
In the further argumentation by the 
authors it is overlooked that the values 
were chosen as the highest and lowest 
of the two low-flow regions. Therefore, 
the claim that the rCBF values are 
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Table 1.—Correlations Between Regional Cerebral Blood Flow in Nonaffected and 
Low-Flow Regions in Group of Migraine Patients During Induced Attacks 


Closest 
to 
Calculated by 


Skyhgj Olsen et al 0.97 


Farthest 


Center Away 





0.85 





Corrected for 


individual levels 0.65 


0.54 


Table 2.—Correlations Between Regional Cerebral Blood Flow (rCBF) in Nonaffected 
and Low-Flow Regions in Individual Patients 


oe No. of 


rCBF Studies 


highest “closest to” and smallest “far- 
thest away” from the “nonaffected” 
region is primarily a consequence of 
the selection procedure and cannot be 
used as argument for uniformity of 
rCBF in the low-flow region. 

Second, the article does not discuss 
geometrical problems related to defin- 
ing areas as “closest to,” “center of,” 
and “farthest away” from the bound- 
ary of a “nonaffected” region of a 
three-dimensional structure, the 
brain, with equipment that measures 
rCBF along two axes only. The selec- 
tion procedure for rCBF values in the 
low-flow region cannot be performed 
so that the distance from the low-flow 
region to the "nonaffected" region is 
the same for all patients, since the size 
of the low-flow region varies between 9 
and 84 channels. Even more important 
is the fact that the low-flow region 
rarely conforms to any well-defined 
geometrical figure, and that the form 
of the low-flow region varies consider- 
ably between measurements. There- 
fore, the metaspatial scale "closest to," 
“center of," and “farthest away" as 
coined by the authors must be re- 
garded with a high degree of skepti- 
cism. 

Third, the strong positive correla- 
tion between rCBF in the low-flow re- 
gions and rCBF in the "nonaffected" 
parts of the brain are partly due to an 
individual rCBF level for the patients. 
When this is taken into account, the 
correlation coefficients for all patients 
taken together (using the numbers 
from the published Table 1) are much 
lower (Table 1). Specifically, the corre- 
lation estimated for the lowest rCBF 
values is reduced considerably, and is 
not significantly different from zero. It 
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Closest to 


Farthest 
Away 


0.922 
—0.031 
0.958 


Center 
0.877 
0.221 
0.971 


0.818 
0.788 
0.424 





—0.377 


0.970 
0.749 


0.853 
0.338 
0.250 


0.184 
0.344 
0.780 








is even more instructive to calculate 
the correlation coefficients for those 
patients who had four or more rCBF 
studies made (Table 2). The correla- 
tions are subject to great imprecision 
due to the limited number of data, but 
indicate that the correlation pattern 
varies between patients. Therefore, 
the calculated population correlations 
remain meaningless. 

Fourth, we examined the original 
data (accessible to M.L.), ie, the flow 
maps of patients 384, 417, 449, 450, 452, 
and 4770 during the resting conditions. 
Considering the difficulties mentioned 
above, with respect to data selection 
and geometry, it was hardly surprising 
that the printouts of rCBF values did 
not convey the impression of an ante- 
rior-to-posterior gradient of rCBF val- 
ues as expected from the analysis of 
Skyhgj Olsen et al.' 

It is highly doubtful whether statis- 
tical analysis of the kind performed by 
Skyhgj Olsen et al bears the prospect of 
contributing to our understanding of 
the role of Compton scatter using gam- 
ma-emitting radioisotopes. It would 
probably be more fruitful to base fur- 
ther studies on physical data (using 
phantoms) with the equipment in ques- 
tion. Data concerning this point are 
not available in the literature. There- 
fore, it is not possible to perform a 
theoretical analysis to predict the in- 
fluence of Compton scatter on rCBF in 
migraine studied with the 254-channel 
system and intracarotid xenon 133 in- 
jection, and the question of cerebral 
ischemia in migrainous attacks in- 
duced by puncture of the carotid artery 
remains unanswered. In a recent arti- 
cle, Skyhgj Olsen and Lassen? contin- 
ued the analysis described above to 


discuss vascular reactivity during mi- 
graine attacks. Comments related to 
that publication will be sent to Head- 
ache, where the article was published. 

DORTE KRONBORG, MD 

PETER DALGAARD, MD 

Statistical Research Unit 

Panum Institute 

University of Copenhagen 

Copenhagen, Denmark 


MARTIN LAURITZEN, MD 

Laboratory of Clinical Neurophysiology 
Rigshospitalet 

Belgdamsvej 9 

2100-K Copenhagen Ø, Denmark 


1. Skyhgj Olsen T, Friberg L, Lassen NA. Is- 
chemia may be the primary cause of neurological 
deficits in classic migraine. Arch Neurol. 1987; 
44:156-161. 

2. Olesen J, Paulson OB, Lassen NA. Regional 
cerebral blood flow determined by the initial slope 
of the clearance of intraarterially injected 
xenon. Stroke. 1971;2:519-540. 

3. Skyhgj Olsen T, Lassen NA. Blood flow and 
vascular reactivity during attacks of classic mi- 
graine limitations of the Xe-133 intraarterial 
technique. Headache. 1989;29:15-20. 


In Reply.—Until 1981, it was widely 
accepted that the neurological deficits 
that occurred during attacks of classic 
migraine (CM) were caused by reduced 
blood flow and ischemia during the 
aura phase. However, in 1981 Olesen et 
al' described seven patients in whom 
cerebral blood flow (CBF) was re- 
corded during the aura. The authors 
concluded that "the reduction in TCBF 
[regional cerebral blood flow] was not 
of sufficient magnitude to explain the 
symptoms except in one of seven 
patients." In 1983, Lauritzen et al? de- 
scribed rCBF studies in nine patients 
in whom, during migraine aura, “the 
mean regional perfusion in the 
oligemic areas was 40 mL/100 g per 
minute, well above the threshold for 
producing neuronal damage by is- 
chemia,” concluding that “this quanti- 
tative consideration supports our con- 
clusion that ischemia is not of primary 
importance in the development of focal 
migraine symptoms.” Small areas of 
ischemia were, however, observed in 
six patients and could not be excluded 
to be “hidden” by Compton scatter 
(CS) in the remaining three patients. 
Finally, Lauritzen and Olesen in 1984 
reported the CBF reduction of eight 
patients during spontaneous CM at- 
tacks to be only 17% + 7%. It was 
concluded, however, that because of CS 
leading to an overestimation of flow in 
the low-flow areas, the possibility of 
ischemia in the hypoperfused regions 
could not be excluded “in this or our 
previous studies." Although Lau- 
ritzen and Olesen do not conclude that 
ischemia is the cause of the neurolog- 
ical deficits, they seem to agree with 
us’ that reduction of CBF in the low- 
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flow areas may reach ischemic levels. 
In fact, the result and the conclusion of 
our article? is now criticized by Kron- 
borg et al. 

Kronborg et al state that our article 
does not contribute to our understand- 
ing of the role of CS using gamma- 
emitting radioisotopes. The role of CS 
has, however, been known for many 
years: it gives rise to a considerable 
overestimation of flow when measured 
in focal low-flow areas. If this phenom- 
enon is not taken into account seri- 
ously, false conclusions may be the re- 
sult. In order to give a balanced inter- 

-pretation of the rCBF measurements 
performed during the migraine aura, 
our study? was carried out with special 
emphasis as to the influence of scat- 
tered radiation. This was not done be- 
fore. 

The exact influence of CS on the re- 
sult of flow measurements in low-flow 
areas cannot be evaluated, as it de- 
pends on the location and size of the 
low-flow area, flow in the low-flow area 
and its surroundings, and several 
other factors. Another phenomenon, 
“the look-through phenomenon,” will 
also contribute to overestimation of 
flow, as would CS. However, this does 
not mean that CBF studies in patients 
with focal low-flow areas give no use- 
ful information. Even if CS is difficult 
to handle, no one is permitted to ignore 
this phenomenon when studying CBF 
in patients with focal low-flow areas, 
particularly when this phenomenon is 
known to have a crucial influence on 
the recordings. 

Let us offer examples from a pre- 
vious publication.’ We studied rCBF 
acutely in nine patients with large ce- 

_ rebral infarcts due to angiographically 
verified middle cerebral artery occlu- 
sion. Mean flow in these definitely 
ischemic and infarcted areas was re- 
corded as 28 mL/100 g per minute. This 
is far above the level of flow that gives 
rise to infarction. This study leaves no 
doubt that CBF in the low-flow areas 
was heavily overestimated, and this is 
due to radiation from areas outside the 
infarct. As in our article on migraine 
-headaches,> we found also that CBF 
-measured in these infarcted low-flow 
areas was closely correlated with CBF 
in the surrounding areas, ie, the higher 
the flow in the surrounding nonaf- 
‘fected areas, the higher the flow mea- 
sured in the infarcted low-flow area. 

‘The influence of CS, especially when 
CBF is studied in CM, is further eval- 
uated in a recent publication.’ From 
these and several other studies it ap- 
pears that CS is of great importance 
for the study of CBF in low-flow areas, 
and its influence cannot be overempha- 
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sized. 

Kronborg et al have chosen four 
critical points as follows. 

1. The low-flow area was defined as 
those areas where CBF was decreased 
by more than 15% when compared 
with normal flow in the same area. As 


CBF in the posterior parts of the brain ` 


is normally 5% to 10% lower than in 
the remaining part of the brain, it fol- 
lows that the highest flow in the low- 
flow area in almost all cases will be a 
flow that is about 20% below flow in the 
nonaffected part of the brain. Basi- 
cally, because of definition and not be- 
cause of selection, the correlation co- 
efficient was very close to 1. The low- 
est flow in the detector farthest away 
had, of course, to be selected. However, 
our intention was to analyze the possi- 
ble flow level in the low-flow area if 
CBF was uniform. On this assumption, 
and with CS in mind, the lowest flow 
value must be representing the best 
estimate of CBF in the entire area. 
Therefore, this correlation must be in- 
vestigated and is of significant inter- 
est. 

Surprisingly, Kronborg et al do not 
comment on the two most important 
sets of correlations that were not se- 
lected by us: mean flow in the entire 
low-flow area and the flow value in the 
center of the low-flow area. First of all, 
there was a very strong correlation 
(r = .94) between mean flow of the en- 
tire low-flow area and flow in the non- 
affected area, ie, if CBF in the nonaf- 
fected areas was high, then CBF was 
also high in the low-flow area, and vice 
versa. Indeed, it is very likely that CS 
is responsible for this correlation. On 
the average, mean CBF in the low-flow 
areas was reduced by 36%. Hence, it 
can be concluded that CBF in the low- 
flow areas is reduced by more than 
36%, as we know that CS leads to an 
overestimation of flow. The question 
was, therefore: How much more was 
CBF reduced? 

It is well known that the effect of CS 
is most pronounced in the areas closest 
to the nonaffected areas and decreases 
with increasing distance to these 
areas. Hence, if CBF was measured in 
the center of the low-flow area, flow 
values less affected by CS could be ob- 
tained. The center was not selected by 
us, but by the size and configuration of 
the low-flow area. Again, a close cor- 
relation was found (r = .85) and CBF 
was, on the average, reduced by 42% in 
the center of the low-flow areas. Comp- 
ton scatter most likely also affects the 
recordings in the areas farthest away 


from the nonaffected area. Cerebral 


blood flow reductions averaging 52% 
were seen in these areas. Furthermore, 


in 17 of 32 recordings in seven patients, 
ischemic flow values were recorded. 
The four patients in whom ischemic 
flow values were not found were char- 
acterized by having high CBF in the 
nonaffected areas as evidence of a CS 
effect. Thus, our study gives good evi- 
dence of a pronounced reduction of 
flow in the entire low-flow areas, even 
reaching the ischemic level. 

2. We can confirm that the form of 
the low-flow areas does not conform to 
any well-defined geometrical figure, 
and that the size and form of the low- 
flow areas varies considerably. This is 
demonstrated clearly in Fig 1 in our 
article? This shows that phantom 
studies, as suggested by Kronborg et 
al, are not practically applicable to the 
CBF studies in our patients. Despite 
these problems, we have an obligation 
to evaluate and to present the results 
in the light of the “inborn errors” of 
the method used (eg, CS). Otherwise, 
the reader, sometimes being unfamil- 
iar with these errors, is misled. 

8. Kronborg and coworkers’ “cor- 
rection for individual levels” (Table 1) 
is not permissible. In 6 of the 11 pa- 
tients, such a postulated individual 
level cannot be determined. In these 
patients the difference between CBF in 
the nonaffected area in the individual 
studies (highest to lowest) was greater 
than or equal to 12% (mean, 19%; 
range, 12% to 28%), which is our .05 
significance level.* Significant changes 
of CBF in the nonaffected areas thus 
commonly were seen in these patients. 
This was one reason why we presented 
all individual CBF studies in Fig 2 
The other was that we visually would 
demonstrate to the reader that there, 
indeed, is a relationship between flow 
measured in the nonaffected part of 
the brain and that measured in the 
low-flow area. We could also have dem- 
onstrated this finding by presenting 
the correlations as the average value of 
CBF in each of the 11 patients. These 
correlations are still significantly dif- 
ferent from zero: mean CBF, r = .97; 
closest to, r = .99; center, r = .95; and 
farthest away, r =.87. Also, for this 
reason, we found it most informative 
to present all the individual CBF 
studies in the graphs. The reader 
should take a look at Table 1 and Fig 2 
in our article. The positive correlation 
between CBF in the nonaffected areas 
and in the low-flow areas is indisput- 
able. It is not difficult to explain why 
the correlation coefficient decreases 
with increasing distance to the nonaf- 
fected areas, simply because the influ- 
ence of CS decreases with the distance 
to the nonaffected areas. In the areas 
farthest away the influence is probably 
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negligible or very little, if CBF in the 
nonaffected area is relatively low. 

As Kronborg et al clearly state, the 
correlations shown in their Table 2 are 
subject to great imprecision and are of 
no relevance. 

4. In contrast with Kronborg and 
coworkers, we found an anterior-to- 
posterior gradient of rCBF values re- 
corded in the low-flow areas. 

In our article we have shown that 
CBF is reduced to very low levels, 
which may lead to ischemia. Half of 
our patients had persistent neurologi- 
eal deficits as sequelae after previous 
CM attacks) The literature on mi- 
graine-related stroke is growing. Fur- 
thermore, we have recently shown that 
the state of hypoperfusion in CM is 
followed by a state of focal hyperemia, 
most probably a postischemic hyper- 
emia.? Thus, it can be concluded that 
ischemia may still be the cause of the 
neurological deficits in CM. This is 
further supported in a study recently 
published in Headache.’ 

Tom SKYHÓJ OLSEN, MD 

LARS FRIBERG, MD 

Department of Clinical Physiology 
and Nuclear Medicine 

Bispebjerg Hospital 

Bispebjerg Bakke 23 

DK-2400 Copenhagen, Denmark 
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Lacunar Infarctions and Dysarthria 


To the Editor.—Patients with exten- 
sive ischemic cortical strokes in the 
middle cerebral artery territory usu- 
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ally experience aphasia when the dom- 
inant cerebral hemisphere is lesioned, 
and dysarthria when the nondominant 
hemisphere is involved.' Lacunar in- 
farctions are small, deep ischemic 
strokes (with an average lesional di- 
ameter of less than 20 mm).? In such 
cases, aphasia is unusual. Some pa- 
tients with either right or left hemi- 
spheric lacunar infarctions present 
with dysarthria, but little is known 
about that symptom.‘ 

To study the location of the lesions 
responsible for dysarthria in lacunar 
infarctions and the associated neuro- 
logic symptomatology, we performed a 
clinical examination and computed to- 
mography of the head in 227 consecu- 
tive patients with lacunar infarctions 
(125 pure motor hemiparesis; 42 pure 
sensory stroke; 34 sensorimotor 
stroke; 7 ataxic hemiparesis, 4 dysar- 
thria-clumsy hand; and 15 atypical la- 
cunar syndromes). Analysis of the re- 
sults showed dysarthria in 24.5% of 
patients (56 cases). The mean age of 
these patients was 60.5 + 9.5 years 
(range, 29 to 79 years); 65% of the cases 
were male. Dysarthria was present by 
definition in the 4 patients with dysar- 
thria-clumsy hand syndrome. It was 
more frequent in sensorimotor stroke 
(47% ) than in pure motor hemiparesis 
(28% ) (P < .04) or pure sensory stroke 
(2.596) (P «.0001). None of the pa- 
tients with ataxic hemiparesis, or with 
atypical lacunar strokes, had dysar- 
thria. Computed tomographic scan 
was positive in 44% of patients (100 
cases). Capsular lacunar strokes ex- 
hibited a significantly higher fre- 
quency of dysarthria (38.576) than 
those in pons and basal ganglia (8% ) 
(P «.006). Computed tomographic 
scan was positive in more patients 
with dysarthria (60%) than without 
(34% ) (P < .05). Dysarthria was asso- 
ciated with a moderate or severe de- 
gree of impairment at the end of the 
acute phase of the disease in 42% of 
cases, as compared with 15.5% in pa- 
tients without dysarthria. 

A. ARBOIX, MD 

J. L. MARTI-VILALTA, MD 

Department of Neurology 

Hospital de la Santa Creu i 
Sant Pau 


Avda A. M. Claret 167 
08025 Barcelona, Spain 


The statistical evaluation of this series was 
carried out using the x? test with Yates’ correc- 
tion. 
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The Central Sites of the Autonomic 
Nervous System May Also Be 
Disturbed in Some Cases With 
Acute Pandysautonomia 


To the Editor.—Acute pandysautono- 
mia is a syndrome characterized by . 
various symptoms of acute paralysis of 
the sympathetic and parasympathetic 
functions, apparently without other 
clinical or neurological abnormal- 
ities.'? Recovery is partial or complete 
after several months. The site of the 
lesion of acute pandysautonomia has 
generally been assumed to be located 
in the postganglionic fibers of both 
sympathetic and parasympathetic 
neurons.? However, it was suggested 
that, in the second case of Okada et al? 
and in the case of Watanabe et al,’ le- 
sions were present in the pregangli- 
onic or central nervous system, be- 
cause of poor vascular responses to 
subcutaneous or intravenous injection 
of sympathomimetic amines and no 
pupillary response to a low concentra- 
tion of cocaine or epinephrine instilla- 
tion in the eyes. Electroencephalo- 
graphic abnormalities were described 
by Andersen et al Harik et al, and 
Neville and Sladen.’ Hopkins et al* de- 
scribed some temporal lobe seizures in 
their second patient, but did not men- 
tion specific electroencephalographic 
findings. Diabetes insipidus or poly- 
uria of low specific gravity was re- 
ported by Harik et al^ Furthermore, 
transient hyperprolactinemia, pre- 
sumably due to transient hypothal- 
amic dysfunction and disappearance 
of circadian rhythm of heart rates on 
24-hour Holter electrocardiogram, 
were reported by Matsubayashi et al.’ 

We investigated the horizontal sac- 
cadic movements (amplitude, 40) and 
horizontal smooth pursuit eye move- 
ments (amplitude, 30), using an elec- 
tro-oculogram in three cases of acute 
pandysautonomia as previously re- 
ported." In the case of the horizontal 
saccadic eye movements, there were no 
abnormal findings in all cases. How- 
ever, the horizontal smooth pursuit 
eye movements were disturbed when 
the patient was subjected to more than 
0.3 Hz, as shown in the Figure. Two 
other cases gave similar results using 
this test (data not shown). The results 
where the smooth pursuit eye move- 
ments were disturbed while the hori- 
zontal saecadic eye movements were 
preserved intact, as presented in our 
cases and in myotonic dystrophy as 
reported by Noorden et al," indicate 
that the central site of eye tracking in 
the nervous system was disturbed. 

It is possible that the electroenceph- 
alographic abnormalities, transient 
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Electro-oculogram (horizontal pursuit eye movements) of case 1. OD indicates right eye; OS, left 


eye. 


hypothalamic dysfunctions such as the 
lack of antidiuretic hormone secretion 
or hyperprolactinemia, and abnormal 
eye movements mentioned above may 
be caused by affection of cholinergic 
neurons within the central nervous 
system that share antigenic similari- 
ties to the postganglionic autonomic 


neurons. 
FUMIHIKO OKADA, MD 
Health Administration Center 
Hokkaido University 
Sapporo 060, Japan 


YOSHIKO SHINTOMI, MD 
Shintomi Ophthalmic Clinic 
Sapporo 064, Japan 
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Multiple Sclerosis, Solvents, 
and Pets 


To the Editor. —We read with interest 
the article by Flodin et al entitled 
"Multiple Sclerosis, Solvents, and 
Pets" that was published in the June 
1988 issue of the ARCHIVES.! 

The undersigned, in their respective 
offices, see a significant number of pa- 
tients who give a history of exposure to 
toxic chemicals and present with neu- 
rological and neuropsychiatric com- 
plaints. 

In chemically exposed patients with 
findings suggestive of neurological dis- 
ease, we have recently obtained blood 
for determination of antimyelin anti- 
bodies. Measurements were done at 


the Scripps Immune Laboratories, San 
Diego, Calif. 

Twenty exposed patients (5 males, 
15 females) were studied. Of the total 
population, 20% were IgG positive, 
25% were IgA positive, and 50% were 
IgM positive. Of the 5 males, none were 
IgG positive, 40% were IgA positive, 
and 20% were IgM positive. Of the 15 


. females, 20.7% were IgG positive, 20% 


were IgA positive, and 60% were IgM 
positive. Both IgG and IgM were posi- 
tive in one wheelchair-bound and one 
ambulatory female patient. Both IgA 
and IgM were positive in another 
wheelchair-bound female patient. No 
antimyelin antibodies of any kind were 
found in two exposed male patients 
and two exposed female patients. 

As long ago as 1980? it was realized 
that up to 90% of “normal” subjects 
have positive IgG antimyelin anti- 
bodies. Also, up to 20% of “normal” 
subjects have positive IgA or IgM an- 
tibodies. Therefore, our findings of 
IgM antibodies in 50% of the total ex- 
posed population, and of 6095 of the 
exposed female patients, may be sig- 
nificant. 

We are now in the process of inves- 
tigating this issue in more detail, and 
also plan to add patients who have no 
history of exposure to toxic chemicals. 
Finally, we are now exploring the pos- 
sibility of developing more specific and 
more sensitive tests for cerebral or 
neural autoimmunity. 

Our preliminary conclusions are 
that neurologists should pay special 
attention to autoimmune disease in 
patients with a history of toxic expo- 
sure. One of us? has shown that certain 
chemicals can act as haptens and in- 
duce an antibody response that, in 
turn, may cause autoimmune disease. 


ZANE GARD, MD 

GUNNAR HEUSER, MD, PHD 
Cedars-Sinai Medical Tower 
8631 W Third St, Suite 1025E 
Los Angeles, CA 90048 
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WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION HOWEVER 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW. APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND 
APLASTIC ANEMIA. THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 
OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO 
SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS. COM- 
PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A 
BASELINE IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR 
DECREASED WHITE BLOOD CELL OR PLATELET COUNTS, THE PATIENT SHOULD 
BE MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 











Before prescribing Tegretol, the physician should be thoroughly familiar with the 
de! of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential 
DESCRIPTION 
Tegretol. carbamazepine USP is an anticonvulsant and specific analgesic for trigeminal 
neuralgia available as chewable tablets of 100 mg and tablets of 200 mg for oral admin- 
istration Its chemical name is 5H-dibenz[b fJazepine-5-carboxamide. and its structural 
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Carbamazepine USP is a white to off-white powder practically insoluble in water and 
soluble in alcohol and in acetone Its molecular weight is 236 27 
Inactive Ingredients Colloidal silicon dioxide. FD&C Red No 3 (chewable tablets only) 
FD&C Red No 40 (200-mg tablets only). flavoring (chewable tablets only), gelatin. glycer- 
in. Magnesium stearate. sodium starch glycolate (chewable tablets only), starch. stearic 
acid. and sucrose (chewable tablets only) 
CLINICAL PHARMACOLOGY 
In controlled clinical trials. Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures |t appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats It depresses thalamic potential and 
bulbar and polysynaptic reflexes, including the linguomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia The mechanism of action remains unknown 

Tegreto! tablets are adequately absorbed atter oral administration at à slower rate than à 
Solution. thus avoiding undesirably high peak concentrations Tegretol in blood is 76% 
bound to plasma proteins Plasma levels of Tegreto! are variable and may range from 
05-25 ug/ml. with no apparent relationship to the daily intake of the drug Usual adult 
therapeutic levels are between 4 and 12 ug/ml Following oral administration. serum 
levels peak at 4 to 5 hours The CSF/serum ratio is 0 22. similar to the 22% unbound 
Tegretol in serum Because Tegreto! may induce its own metabolism, the half-life is also 
variable Initial half-life values range trom 25-65 hours. with 12-17 hours on repeated 
doses Tegretol is metabolized in the liver After oral administration of !4 C-carbamaze 
pine. 72% of the administered radioactivity was tound in the urine and 28% in the feces 
This urinary radioactivity was composed largely of hydroxylated and conjugated metabo- 
lites, with only 3% of unchanged Tegretol Transplacental passage of Tegretol is rapid (30 
to 60 minutes). and the drug is accumulated in fetal tissues, with higher levels found in 
liver and kidney than in brain and lungs 
INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived from active drug-controlled studies 
that enrolled patients with the following seizure types. 
1 Partial seizures with complex symptomatology (psychomotor. temporal lobe) Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal) 
3 Mixed seizure patterns which include the above or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU. 
TIONS. General) 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not à simple analgesic and should not be used for the relief of trivial aches or 
pains 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds. such 
as amitriptyline. desipramine. imipramine. protriptyline nortriptyline. etc Likewise on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days. or longer if the clinical situation permits 
WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell's syndrome) 
and Stevens-Johnson syndrome. have been reported with Tegretol These reactions have 
been extremely rare However, a few fatalities have been reported 

Tegreto! has shown mild anticholinergic activity. therefore, patients with increased 
intraocular pressure should be closely observed during therapy * 

Because of the relationship of the drug to other tricyclic compounds, the possibility of 
activation of a latent psychosis and. in elderly patients, of confusion or agitation should be 
borne in mind 
PRECAUTIONS 
General: Before initiating therapy. a detailed nistory and physical examination should be 
made 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures. since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE). 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
à history of cardiac. hepatic or'renal damage. adverse hematologic reaction to other 
drugs, or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem. such as fever. sore throat. ulcers in the 
mouth. easy bruising, petechial or purpuric hemorrhage, and should be advised to report 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts. including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline |f a patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts. the patient should 
be monitored closely Discontinuation of the drug should be considered if any evidence of 
Significant bone marrow depression develops 

Baseline and periodic evaluations of liver function, particularly in patients with a history 
of liver disease. must be performed during treatment with this drug since uver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dystunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and tonome- 
try. are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dysfunction 


Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 
and safety of anticonvulsants This monitoring may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance In addition 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital. phenytoin 
or pnmidone or a combination of two produces a marked lowering of serum levels 
of Tegretol 

The half-lives of phenytoin. wartarin doxycycline and theophylline were significantly 
shortened when administered concurrently with Tegretol Halopendol serum levels may be 
reduced when the drug is administered with Tegretol The doses of these drugs may 
therefore have to be increased when Tegretol is added to the therapeutic regimen 

Concomitant administration af Tegretol with erythromycin, cimetidine. propoxyphene 
isoniazid or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases Also. concomitant administration of 
carbamazepine and lithium may increase the risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
Contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine when 
administered to Sprague-Dawley rats for two years in the diet at doses of 25, 75. and 250 
mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and ot benign interstitial cell adenomas in the testes o! males 

Carbamazepine must. therefore, be considered to be carcinogenic in Sprague-Dawley 
rats Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results The significance of these findings relative to tne use of carbamazepine in 
humans is. at present. unknown 
Pregnancy Category C: Tegretol has been shown to nave adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg in rat teratology studies. 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 ot 119 offspring at 650 mg/kg showed other anomalies (cleft palate. 1, talipes 1 
anophthalmos. 2) In reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Tegretol should 
be used during pregnancy only if the potential benefit justifies the potential risk to the 
letus 

Retrospective case reviews suggest that. compared with monotherapy, there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Therefore. monotherapy is recommended for pregnant women. 

It is important to note that anticonvulsant drugs should not de discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
Possibility of precipitating status epilepticus with attendant hypoxia and threat to life In 
individual cases where the severity and frequency ot the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient discontinuation of the 
drug may be considered prior to and during pregnancy. although it cannot be said with any 
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confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus. 
Labor and Delivery: The etfect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation. concentration ot Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants trom carbamaz- 
epine. a decision should be made whether to discontinue nursing or to discontinue the 
drug. taking into account the importance of the drug to the mother 
Pediatric Use: Satety and effectiveness in children below the age of 6 years have not been 
established 
ADVERSE REACTIONS 
It adverse reactions are of such severity that the drug must be discontinued, the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most frequently observed adverse reactions. particularly during the initial phases of 
therapy, are dizziness. drowsiness unsteadiness nausea. and vomiting To minimize the 
possibility of such reactions. therapy should be initiated at the low dosage recommended 

The following additional adverse reactions have been reported 
Hemoporetic System Aplastic anemia, agranulocytosis pancytopenia. bone marrow 
depression. thrombocytopenia, leukopenia, leukocytosis eosinophilia 
Skin. Pruritic and erythematous rashes. urticaria, toxic epidermal necrolysis (Lyells 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS), photosensi- 
tivity reactions. alterations in skin pigmentation extoliative dermatitis, erythema multi 
forme and nodosum. purpura, aggravation of disseminated iupus erythematosus 
alopecia and diaphoresis In certain cases. discontinuation of therapy may be necessary 
Cardiovascular System Congestive heart failure. edema aggravation of hypertension 
hypotension, syncope and collapse, aggravation of coronary artery disease, arrhythmias 
and AV block. primary thrombophlebitis. recurrence of thrombophlebitis, and adenopathy 
or lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tricyclic compounds 
Liver. Abnormalities in liver function tests. cholestatic anc hepatocellular jaundice 
hepatitis 
Respiratory System Pulmonary hypersensitivity characterizec by fever. dyspnea, pneu- 
monitis or pneumonia 
Genitourinary System Urinary frequency. acute urinary retention. oliguria with elevated 
blood pressure. azotemia renal failure. and impotence Albuminuria, glycosuna, elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegreto! orally from 4 t0 52 weeks at dosage 
levels of 50 to 400 mg/kg/day Additionally, rats receiving Tegretol in the diet for two years 
at dosage levels of 25, 75 and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs, it produced a brownish discoloration, presum- 
ably a metabolite. in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown 
Nervous System Dizziness, drowsiness, disturbances of coordination, confusion, head- 
ache, fatigue, blurred vision. visual hallucinations transient diplopia. oculomotor distur- 
bances, nystagmus, speech disturbances, abnormal involuntary movements, peripheral 
neuritis and paresthesias depression with agitation talkativeness, tinnitus, and hyper- 
acusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausea vomiting gastric distress and abdominal pain, diarrhea 
constipation. anorexia, and dryness of the mouth and pharynx including glossitis 
and stomatitis 
Eyes Scattered. punctate. cortical lens opacities. as well as conjunctivitis have been 
reported Although a direct causal relationship has not been establisned. many phenothia- 
zines and related drugs have been shown to cause eye changes 
Musculoskeletal System Aching joints and muscles. and leg cramps 
Metabolism Fever and chills Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication. with decreased serum sodium 
(hyponatremia) and confusion, have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests) 
Other: Isolated cases of a lupus erythematosus-like syndrome nave been reported There 
have been occasional reports of elevatéd levels of cholesterol, HDL cholesterol and 
triglycendes in patients taking anticonvulsants . 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol. nor is there evidence of 
psychological or physical dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults >60 g (39-year-old man) Highest known doses 
survived adults. 30 g (31-year-old woman). children. 10 g (6-year-old boy). small 
children. 5 g (3-year-old gir!) 

Oral LDsg in animals (mg/kg) mice. 1100-3750. rats, 3850-4025; rabbits. 1500-2680. 
Quinea pigs. 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascular disorders are generally milder. and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration: Irregular breathing. respiratory depression 
Cardiovascular System Tachycardia. hypotension or hypertension. shock. conduction 
disorders 
Nervous System and Muscles Impairment of consciousness ranging in severity to deep 
coma Convulsions especially in small children Motor restlessness. muscular twitching 
tremor. athetoid movements. opisthotonos. ataxia drowsiness dizziness. mydriasis 
nystagmus, adiadochokinesia. ballism. psychomotor disturbances dysmetna Initial 
hyperreflexia. followed by hyporetiexia 
Gastrointestinal Tract. Nausea. vomiting 
Kidneys and Bladder Anuria or oliguria, urinary retention 
Laboratory Findings Isolated instances of overdosage have included leukocytosis, re- 
duced leukocyte count. glycosuria and acetonuria EEG may show dysrhythmias 
Combined Poisoning When alcohol. tricyclic antidepressants. barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt elimination 
of the drug. which may be achieved by inducing vomiting irngating the stomach. and by 
taking appropriate steps to diminish absorption If these measures cannot be implemented 
without risk on the spot. the patient should be transferred at once to a hospital, while 
ensuring that vital tunctions are safeguarded There is no specific antidote 
Elimination of the Drug Induction ot vomiting 

Gastric lavage. Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach should be repeatedly irrigated especially if tne patient has also 
consumed alcohol 
Measures (o Reduce Absorption Activated charcoal. laxatives 
Measures to Accelerate Elimination Forced diuresis 

Dialysis ıs indicated only in severe poisoning associated with renal failure Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression Keep the airways free. resort. if necessary. to endotracheal 
intubation, artificial respiration and administration ot oxygen 
Hypotension, Shock Keep the patient s legs raised and administer a plasma expander If 
blood pressure fails to rise despite measures taken to increase plasma volume, use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
Warning. Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension, and coma However. barbiturates should not be used if drugs that 
inhibit Monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one weex) 
Surveillance Respiration. cardiac function (ECG monitoring). blood pressure body tem- 
perature. pupillary reflexes. and kidney and bladder tunction should be monitored tor 
Several days 
Treatment of Blood Count Abnormalities It evidence of significant bone marrow depres- 
Sion develops. the following recommendations are suggested (1) stop the drug. (2) per- 
form daily CBC, platelet and reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Special periodic studies might be helptul as follows (1) white cell and platelet anti- 
bodies. (2) 59Fe—terrokinetic studies, (3) peripheral blood cell typing. (4) cytogenetic 
Studies on marrow and peripheral blood. (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for A» and F hemoglobin and (7) serum 
folic acid and 45 levels 

A fully developed aplastic anemia will require appropriate, intensive monitoring and 
therapy, for which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS Laboratory Tests) Dosage should be adjusted to the needs of tne individual 
patient A low initial daily dosage with a gradual increase is advised As soon as adequate 
control is achieved. the dosage may be reduced very gradually to the minimum effective 
level Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg b | d Increase at weekly 
intervals by adding up to 200 mg per day using a t: d or qid regimen until the best 
response is obtained Dosage snould generally not exceed 1000 mg daily in children 12 to 
15 years of age. and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily have been used in adults in rare instances. Maintenance; Adjust dosage to the 
minimum effective level. usually 800-1200 mg daily 
Children 6-12 years of age—Initial: 100 mg b | d Increase at weekly intervals by adding 
100 mg per day usinga t ı d ora | d regimen until the best response is obtained Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level. usually 400-800 mg daily 
Combination Therapy: Tegreto may be used alone or with other anticonvulsants, When 
added to existing anticonvulsant therapy. the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased, except phenytoin. which 
may have to be increased (see PRECAUTIONS, Drug Interactions and Pregnancy Category 
C) 
Trigeminal Neuralgia (see INDICATIONS AND USAGE), 
Initial: 100 mg b id on the first day for a total daily dose of 200 mg This daily dose may 
be increased by up to 200 mg è day using increments ot 100 mg every 12 hours only as 
needed to achieve freedom trom pain Do not exceed 1200 mg daily 
Maintenance: Contro! of pain can be maintained in most patients with 400 mg to 800 mg 
daily However, some patients may be maintained on as little as 200 mg daily. while others 
may require as much as 1200 mg daily At least once every 3 months throughout the 
treatment period. attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 
HOW SUPPLIED 
Chewable Tablets 100 mg—round red-speckled. pink. single-scored (imprinted Tegretol 
on one side and 52 twice on the scored side) 
Bottles of 100 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NOC 0028-0052-61 
Tablets 200 mg—capsule-shaped, pink. single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 

NDC 0028-0027-01 


Bottles of 100 
Bottles of 1000 NOC 0028-0027-10 
NDC 0028-0027-65 
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Gy-Pak® —One Unit 

12 bottles—100 tablets each 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0027-61 


Samples, when available. are identified by the word SAMPLE appearing on each tablet 
Protect trom moisture 
Dispense in tight container (USP) 
Also available as. Tegretol suspension 100 mg/5 ml, in 450 mi bottles 
Printed in U.S.A C88-27 (Rev. 12 88) 
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€ To characterize cognitive impair- 
ments following multiple subcortical lacu- 
nar infarcts (lacunes), we prospectively 
compared the neuropsychological per- 
formance of 11 subjects with multiple 
lacunes with 11 medical control subjects 
matched for age and education who had 
no clinical or computed tomographic evi- 
dence of central nervous system disease. 
Subjects with multiple subcortical lacunes 
displayed neuropsychological signs of 
frontal system dysfunction, even though 
only 2796 met the criteria for clinical diag- 
nosis of dementia. They exhibited signifi- 
cant deficits in shifting mental set, re- 
sponse inhibition, and executive function. 
In addition, they were more often rated 
apathetic on a behavior-rating scale. We 
propose a continuum of cognitive impair- 
ments in lacunar states, ranging from fron- 
tal systems impairment to dementia. 

(Arch Neurol. 1990;47:129-132) 


heterm multi-infarct dementia! has 

been used to describe patients with 
dementia of vascular origin. However, 
there is not yet consensus among in- 
vestigators on the definition of vascu- 
lar dementia; or even if it is a distinct 
clinical entity. Cerebrovascular path- 
ologic findings range from large corti- 
cal infarctions to diffuse areas of white 
matter low attenuation seen on com- 
puted tomographic (CT) scans, and 
several pathologic lesions often coexist 
within a single patient.‘ 

We were particularly interested in 
characterizing the cognitive impair- 
ments, if any, seen with multiple sub- 
cortical lacunes. Single lacunes are 
known to produce relatively well-cir- 
cumscribed neurologic deficits? but 
the cognitive consequences of multiple 
lacunes have not yet been fully de- 
scribed. The first description of the la- 
cunar state (état lacunaire) by Marie’ 
included dementia as a clinical feature 
with dysarthria, incontinence, and ex- 
plosive laughing or crying. Since then, 
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there have been reports that suggest 
that multiple lacunes are more specif- 
ieally associated with signs of frontal 
lobe dysfunction? Ishii and col- 
leagues,’ for example, noted frontal 
neurologic features in the charts of 30 
necropsy cases with six or more la- 
cunes. 

In this prospective study, we identi- 
fied patients based on the presence of 
multiple lacunar infarctions on CT 
scan, and conducted a neuropsycholog- 
ical evaluation specifically designed to 
characterize cognitive deficits associ- 
ated with multiple lacunes. We tested 
the hypothesis that patients with mul- 
tiple subcortical lacunes were selec- 
tively impaired on neuropsychological 
tests sensitive to frontal lobe dysfunc- 
tion. 


SUBJECTS AND METHODS 
Subjects 


Consecutive admissions to the Neurovas- 
cular Section of the Boston (Mass) Veterans 
Administration Medical Center Neurology 
Service were screened to select patients 
with clinical presentation suggesting mul- 
tiple lacunar strokes (with or without a di- 
agnosis of dementia). For inclusion in our 
study population, the clinical diagnosis of 
multiple lacunes required confirmation by 
brain CT scan with evidence of two or more 
lacunes. These were defined as follows: 
small (<2 cm in maximum diameter), well- 
circumscribed, subcortical areas of low 
attenuation consistent with cerebral 
infarction.^ Computed tomographic scans 
were performed without contrast on a Tech- 
nicare 2060 CT scanner (General Electric). 
The scans were taken approximately 20 de- 
grees to the canthomeatal line. Approxi- 
mately twelve 7-mm-thick slices were ob- 
tained per subject. 

Using this screening procedure, we iden- 
tified 11 subjects with multiple subcortical 
lacunes and no cortical infarction. These 
subjects were compared with 11 medical 
control subjects from orthopedic or medical 
services matched for age, race, and educa- 
tion who had no evidence of stroke by his- 
tory, and no evidence of infarction on CT 
scan. Subjects were excluded from either 
group if they had the following: history of 
head trauma; alcohol abuse; seizure disor- 
der; abnormal vitamin B;, concentration, 
folate level, or thyroid function test results; 
current psychoactive medication; or psychi- 
atric history. Control subjects’ medical di- 
agnoses included the following: cardiac ar- 


rhythmias (n = 5), asymptomatic carotid 
stenosis (n = 1), spinal cord disease (n = 4), 
and essential tremor (n = 1). To avoid cog- 
nitive changes associated with acute stroke, 
subjects were tested at least 1 month after 
the most recent lacunar infarction. To avoid 
biasing selection of normal control subjects 
in favor of those with particularly high 
cognitive abilities, control subjects were 
selected on the basis of CT scan findings, 
and not on any information about their 
cognitive function. Informed consent was 
obtained from all subjects prior to testing. 


Neuropsychological Testing 


Three hours of evaluation for each sub- 
ject included the following: medical history, 
behavioral ratings, mental status examina- 
tion, and neuropsychological testing. Neu- 
ropsychological tests (listed in Table 1) in- 
cluded measures of attention, memory, lan- 
guage, visuospatial skills, and executive 
functions.'^ 

The neuropsychologist was blind to CT 
data at the time of testing. To estimate 
overall cognitive performance, both the 
standard Mini-Mental State examination? 
and a newly developed Global Cognitive 
Score were used. To produce a composite of 
overall cognitive functioning, each of the 
raw scores for 20 individual measures 
(listed in Table 1) were converted to ratings 
on a 5-point scale (0 indicating impaired 
and 5 indicating normal). These individual 
ratings were summed to produce an overall 
performance rating that we call the Global 
Cognitive Score (range, 0 to 100). 

Diagnosis of dementia was based on clin- 
ical diagnosis by the neurologist using the 
following definition: acquired persistent 
impairment in intellectual function with 
compromise in three or more cognitive do- 
mains. All subjects diagnosed as demented 
also had a Global Cognitive Score of less 
than 60. Depression was assessed using a 
self-rated depression scale (Center for Ep- 
idemiologic Studies of Depression [CESD] 
Scale) modified for administration to a 
cognitively impaired population. The indi- 
vidual items of the CESD were read aloud 
to subjects who responded to each of 20 
items placed in front of them by using a 3- 
point scale, ranging from “none of the time" 
to "all of the time." The maximum possible 
score was 60. Behavioral ratings (eg, "ap- 
athy” and “dysarthria”) were scored simply 
as present or absent based on observation 
during the 3-hour testing sessions. 

This report focuses on tests sensitive to 
frontal lobe dysfunction. Specific tests sen- 
sitive to frontal lobe dysfunction are briefly 
described below. They assess ability to shift 
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mental set, verbal fluency, attentional prob- 
lems, response inhibition, and executive 
functions. 

Stroop Color Interference Test.?— This test 
was used to measure ability to inhibit 
responses and to shift mental set. Three 
color words (red, blue, and green) were 
printed in ink different from the written 
word. Subjects had to inhibit reading of the 
word, and to name the color of the ink in 
which it was printed (color interference). 
Control conditions were simple color nam- 
ing (naming color of rectangles in these 
three colors) and simple word reading 
(reading each of the words printed in black 
ink). The number of errors on the color in- 
terference section was the dependent vari- 
able. 

Visual-Verbal Test.^—]In this measure of 
the ability to shift mental set, the subject 
was presented with a series of 10 cards, each 
having four abstract figures. The task was 
to note three figures that were alike in some 
way (eg, that they were the same color), and 
then to look again to see how three of the 
four figures were alike in some other way 
(eg, that they were the same size). Ability to 
shift mental set was corrected for ability to 
perform the abstract reasoning on the first 
task. Thus, the dependent measure was cal- 
culated as the ratio of correct second re- 
sponses divided by correct first responses, 
an indication of the fraction of trials on 
which the subject successfully shifted men- 
tal set. 

California Verbal Learning Test (Dementia 
Version).'*—Although it is intended pri- 
marily as a measure of learning and mem- 
ory, this test also serves as a measure of 
executive functions. The nine-item word 
list includes items in three semantic cate- 
gories (eg, vegetables, clothing, and fruit). 
An index of executive function is the num- 
ber of semantic clusters. A semantic cluster 
was scored as any time the subject produced 
two words in a row in the same semantic 
category. For example, the response 
"jacket, sweater" would yield one cluster 
(clothing), indicating active semantic strat- 
egy on this verbal learning task. 

Continuous Performance Test (CPT).^— 
This test provides a measure of attention/ 
distractibility and impulsivity. Subjects 
listened to a tape of letters of the alphabet 
and were instructed to tap the table when 
they heard the letter X followed by the let- 
ter J. There were 25 targets and 100 dis- 
tractors. Animpulsive error was recorded if 
the subject tapped directly after the letter 
X, without waiting to hear if the letter 7 
followed. Omissions on CPT (failing to tap 
when a target was presented) were consid- 
ered to be an index of impaired attention. 

Controlled Oral Word Association Test 
(FAS).'^— This standard test of verbal flu- 
ency required subjects to generate as many 
words as possible (beginning with the des- 
ignated letters F, A, and S) in three 1- 
minute trials. Total number of words gen- 
erated was scored. 

Reciprocal Motor Programs.?'—In this 
measure of motoric impulsivity and re- 
sponse inhibition, the subject was required 
to perform a motor response opposite to 
that of the examiner. For example, if the 
examiner presented the patient with two 
raised fingers, the correct response was to 
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present one raised finger, and vice versa. 
Subjects had to inhibit the impulse to imi- 
tate the examiner. Total errors in 20 trials 
with each hand were scored. Errors were 
included even if rapidly self-corrected. 

Alternating Sequences.—Each subject 
was rated on graphomotor tasks in which 
the subject copied alternating sequences 
(the letters M and N in script) or multiple 
loops horizontally across a 28.7-em (11.5-in) 
page. Perseveration was scored if present 
with either hand. 


Statistical Analysis 


Student's t test (one-tailed) was used to 
compare group means. The Mann-Whitney 
U test was used to compare group means 
when the groups had unequal variance. For 
comparison on dichotomous variables, 
Fisher's Exact Test was computed. 


RESULTS 


Patient demographies are shown in 
Table 2. Subjects with lacunes had 
an average of 3.17 12 lacunes 
(means + SDs), ranging from two to 
six lesions per patient, distributed bi- 
laterally in all but one case, primarily 
in the basal ganglia, thalamus, and 
periventricular white matter. The dis- 
tribution of lesions in these subjects is 
summarized in Table 3. Two of these 
subjects also had moderate-to-severe 
periventricular white matter low at- 
tenuation on CT scan. 

Results of neuropsychological test- 
ing are summarized in Table 4. Pa- 
tients with multiple lacunes scored 
significantly lower than did control 
subjects on the Mini-Mental State 
score (U=11, P<.0003) and the 
Global Cognitive Score (U=19.5, 
P «.0026). However, only three pa- 
tients with lacunes received a clinical 
diagnosis of dementia from the neu- 
rologist. (Two of these subjects had a 
Mini-Mental State score «24, the usual 
cutoff for dementia). 

Analysis of the tests sensitive to 
frontal lobe damage suggested that 
this area was specifically impaired in 
patients with lacunar infarctions. Pa- 
tients with lacunes were significantly 
poorer at shifting mental set on the 
Visual-Verbal Test (U = 28, P « .016), 
had more errors on the Stroop color 
interference condition (U = 28, 
P < .03), had decreased verbal fluency 
on the FAS test (t= 1.88, P < .045), 
and produced fewer semantic clusters 
on the California Verbal Learning Test 
(t = 1.83, P € .04). In addition, patients 
with lacunes more often showed 
apathetic behavior during testing 
(Fisher's Exact Test, P — .0026). Dif- 
ferences in impulsivity and distract- 
ibility were in the hypothesized direc- 
tion, but were not statistically signif- 
icant. 

Impairment on three tests sensitive 
to frontal lobe dysfunction accounted 


Table 1.—Neuropsychological Tests 
Used in Global Cognitive Score* 


Attention / concentration 
Digit Span (Wechsler Adult Intelligence 
Scale-revised)"' 
Cancellation Test (nonverbal stimuli)' 
Continuous performance tests'? 
Trail Making'* 
Language 
Boston Naming Test'* 
Verbal Fluency phonemic (with the 
designated letters F, A, and S)'® 
Verbal Fluency semantic categories’? 
Narrative Writing” 
Memory 
California Verbal Learning Test immediate'* 
California Verbal Learning Test delay'? 
Biber Figure Learning Test-immediate'? 
Biber Figure Learning Test delay"? 
Visuospatial 
Drawing to command (clock, daisy, 
and cube)" 
Drawing to copy (clock, daisy, and cube)” 
Hooper Visual Organization Test?’ 
Block Design (Wechsler Adult Intelligence 
Scale-revised)'' 
Response Inhibition / Mental Flexibility 
Reciprocal Motor Programs*' 
Alternating sequences test, multiple loops*' 
Stroop color interference test^? 
Visual-Verbal Test?’ 


* Each of these 20 tasks was scored from 1 to 5, 
yielding a maximum possible Global Cognitive Score 
of 100. 





Table 2.— Characteristics of Subjects 
With and Without Multiple Lacunes * 


Subjects 
With 
Multiple 
Lacunes 
(n = 11) 
64.6 (6.0) 
10.1 (3.1) 


Control 
Subjects 
(n — 11) 
63.0 (8.6) 
12.4 (3.4) 


Characteristic 
Age, y 
Education, y 
Race, 96 

White 

Black 
Handedness, % 

Right 

Left 

Ambidextrous 


* All probability values were not significant. Values 
within parentheses represent SDs from the mean. 





for 91% of the variance in Global Cog- 
nitive Score (multiple stepwise linear 
regression with three tests: Stroop 
color interference test errors, omis- 
sions on the CPT, and semantic clus- 
ters on the California Verbal Learning 
Test) (R?=.908 [adjusted for df], 
P « .0005). 

Patients with multiple lacunes were 
not more impaired on all tasks. For 
example, there were no significant dif- 
ferences in naming on the Boston 
Naming Test (15-item version) or on 
Digit Span forward or Digit Span 
backward from the Wechsler Adult 
Intelligence Scale-revised." Patients 
with multiple lacunes, however, exhib- 
ited a pattern of dysfunction consis- 
tent with subcortical pathologic find- 
ings. For example, they exhibited more 
perseveration on multiple loop draw- 
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Table 3.—Locations of Lacunar Infarctions on Computed Tomographic Scans* 


Location 
LLL KNROKKKKKN—————, 
Subject Basal 


Thalamus Cerebellum 


No. Ganglia 


PVWMt 






































Ji + es + dud ul 
l * Computed tomographic scans were performed without contrast on Technicare 2060, General Electric. Each 
plus sign indicates the presence of a lacunar infarction in this region. 
TPVWM indicates periventricular white matter. 
Subjects meeting clinical definition of dementia: acquired persistent impairment in intellectual function with 
compromise in three or more cognitive domains. 


Table 4.—Neuropsychological Testing in Subjects With and Without Multiple 
Subcortical Lacunes * 


Control 
Subjects 
(n = 11) 


Subjects With 
Multiple Lacunes 
Neuropsychological Test (n = 11) 

Overall cognitive performance 
Mini-Mental State score 
Global Cognitive Score 
Attention / distractibility 
} Continuous performance test, omissions 
Shifting mental set 
Visual-Verbal Test, fraction shifted 
Response inhibition 
Stroop color interference test, 
No. of errors 
Continuous Performance Test, 
impulsive errors 
Verbal fluency 
Phonemic (with the designated letters F, 
A, and S), total words generated 
Executive functions 
CVLTt, semantic clusters 
Reciprocal motor programs, errors 
Perseveration 
Alternating sequences (MNMN . . .), 1/11 
No. of subjects perseverating 
with either hand 
Multiple loops, 
G No. of subjects perseverating 
with either hand 
Behavioral observations 
Apathy, No. of subjects 
Dysarthria, No. of subjects 





29.2 (1.0) 
89.8 (6.7) 


25.9 (2.6)t 
67.8 (21.1)8 








0.5 (0.7) 2.5 (5.5) 





0.88 (0.15) 


0.69 (0.29)]| 





3.1 (3.7) 9.5 (11.1)]| 





0.18 (0.41) 0.46 (0.69) 





33.0 (14.8) 21.8 (14.6)1 





10.0 (5.2) 
2.8 (2.5) 


6.2 (4.3) 
3.5 (2.5) 




















* Values within parentheses represent SDs from mean. All statistical evaluations are one-tailed tests of the 
hypothesis that subjects with multiple lacunes were significantly impaired. 

tCVLT indicates California Verbal Learning Test. 

+P < .001, Mann-Whitney U test (unequal variance). 

SP < .005, Mann-Whitney U test (unequal variance). 

||P € .02, Mann-Whitney U test (unequal variance). 

TP < .05, Student's t test (unequal variance). 

*P < .05, Fisher's Exact Test. 

**P < .01, Fisher's Exact Test. 








ing (Fisher's Exact Test, P = .0175) 
and on drawing the letters M and N 
(P = .0119), and were more often dys- 
arthric (P = .0065). Patients with mul- 
tiple lacunes suffered greater de- 
pressive symptomatology (t= 2.64, 
P « .01). The average depression rat- 
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ing was 16.3 of a possible 60 on the 
CESD scale. 

The number of lacunes was not sig- 
nificantly correlated with global cog- 
nitive score or performance on indi- 
vidual frontal lobe tests (Pearson's r 
statistic, one-tailed). 


COMMENT 
Frontal System Deficits and Dysfunction 


Multiple subcortical lacunar infarc- 
tions can produce neuropsychological 
signs of frontal system dysfunction, 
even in the absence of a clinical diag- 
nosis of dementia. In this study, only 3 
of 11 subjects with multiple subcorti- 
cal lacunes had signs severe enough to 
be diagnosed as demented. 

The selection of neuropsychological 
tests sensitive to frontal lobe dysfunc- 
tion was based on current research on 
frontal lobe function." We found that 
patients with multiple lacunes were 
impaired on the following tests sensi- 
tive to frontal lobe dysfunction: the 
Stroop color interference test (re- 
sponse inhibition), the Visual-Verbal 
Test (shifting mental set), semantic 
clusters on the California Verbal 
Learning Test (executive function), 
and FAS word list generation (verbal 
fluency). In addition, more of these 
subjects showed apathetic behavior. 
Performance on some of the tests pre- 
sumed sensitive to frontal lobe dys- 
function was mot significantly im- 
paired: reciprocal motor programs and 
omissions and impulsivity on the con- 
tinuous performance test. It is possible 
that these tests are less sensitive to 
subtle impairments, or that the large 
interindividual variance prevented ob- 
served differences from attaining sta- 
tistical significance. 

The pattern of frontal deficits found 
in this study of multiple lacunar in- 
farctions corresponds most closely to 
one described by Stuss and Benson.” 
They divided patients with impaired 
frontal motor behavior into two 
groups: those who were "slow, apa- 
thetic, lethargic, and lack initiative 
and spontaneity,” who tended to have 
pathologic lesions in the dorsolateral 
convexity; and those who were 
“restless, impulsive, explosive, and hy- 
perkinetic,’ who more often had 
pathologic lesions involving the or- 
bital area. The deficits we observed in 
the present investigation, difficulty 
shifting set, impaired executive func- 
tions on a verbal learning task, de- 
creased verbal fluency, and apathy in 
behavioral observation, correspond 
with the first category, the more “ap- 
athetic” frontal syndrome. 

The anatomic basis for frontal-sub- 
cortical interconnections has been de- 
tailed with increasing frequency (see 
reference 27 for review). For example, 
Rosvold's? work suggested that the 
dorsolateral prefrontal cortex is part 
of a dorsal functional system including 
anterodorsal caudate, lateral palli- 
dum, subthalamic nucleus, and hippo- 
campus. 

Neurochemical studies have also 
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linked these areas into a “mesocortico- 
prefrontal" system,? with emphasis 
on the role of dopamine in two or three 
separate mesocortical dopamine sys- 
tems with origins in the ventral 
tegmental area and substantia nigra 
and terminations in areas of prefron- 
tal cingulate, and  suprarhinal 
cortex. ^ Disruption of dopamine sys- 
tems can produce neuropsychological 
deficits similar to those seen after 
frontal lobe damage.” In Parkinson's 
disease, several investigators have 
noted that cognitive deficits can re- 
semble frontal lobe dysfunction?'?**? 
and that the hypothesized mechanism 
is damage to frontosubcortical dopa- 
mine systems.? These neurochemical 
and anatomic studies have reinforced 
the principle that frontal and subcor- 
tical regions do not function indepen- 
dently. The current research further 
supports this hypothesis of interde- 
pendency of frontal and subcortical 
regions in one larger frontosubcortical 
system. 
Multi-infarct Dementia vs Lacunar State 
It is important to note that we are 
not describing the pattern of neu- 
ropsychological deficits of multi-in- 
farct dementia. We wish to distinguish 
between cognitive impairments with- 
out dementia and dementia. In our 
sample, only 3 (27%) of 11 patients 
with lacunes had cognitive impair- 
ments severe enough to receive the 
clinical diagnosis of dementia. We ex- 
amined data on these three subjects in 
more detail to see what features they 
may have in common. Their CT scans 
did not show a greater number of 
lacunes (each subject showing two, 
three, or four lacunes) or unusual dis- 
tribution of lacunes. There was no ev- 
idence of increased areas of white 
matter low attenuation compared with 
controls. One of the demented subjects 
had moderate periventricular regions 
of white matter low attenuation, but 
the clinical importance of leuko-arai- 
osis is an area of controversy. Al- 
though some investigators have noted 
leuko-araiosis on CT scans to be asso- 
ciated with increased dementia,” a re- 
cent study by Rao et al* suggested that 
leuko-araiosis alone (on magnetic res- 
onance scans) was not associated with 
neuropsychological deficits. Our de- 
mented subjects did not differ from 
nondemented subjects in level of edu- 
cation. They did have a tendency to be 
older (mean age for demented subjects 
was 70 years vs 65 years for nonde- 
mented subjects), have greater corti- 
cal atrophy, and have greater ventric- 
ular enlargement. Two of these de- 
mented subjects also had visual 
impairments that interfered with test- 
ing. 
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Our data suggest that there may be 
a continuum of cognitive impairment 
in lacunar states, which may account 
for the difficulty clinicians have diag- 
nosing the presence or absence of de- 
mentia. Rather than ask if this phe- 
nomenon represents multi-infarct de- 
mentia, we asked the following 
question: What are the patterns of 
cognitive impairment seen in lacunar 
states? Based on our preliminary re- 
sults, it may be useful to extend the 
current understanding of the influence 
of multiple subcortical lacunar infarc- 
tions on cerebral function. There is a 
stage between dementia and normal in 
which multiple subcortical lacunar in- 
farctions produce signs of impairment 
of frontal systems. 
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@ Eighteen patients had caudate nu- 
cleus infarcts (10 left-sided; 8 right-sided). 
Infarcts extended into the anterior limb of 
the internal capsule in 9 patients, and also 
the anterior putamen in 5 patients. Thir- 
teen patients had motor signs, most often 
a slight transient hemiparesis. Dysarthria 
was common (11 patients). Cognitive and 
behavioral abnormalities were frequent, 
and included abulia (10 patients), agitation 
and hyperactivity (7 patients), contralat- 
eral neglect (3 patients, all right caudate), 
and language abnormalities (2 patients, 
both left caudate). The majority of patients 
had risk factors for penetrating artery dis- 
ease. Branch occlusion of Heubner’s ar- 
tery, or perforators from the proximal an- 
terior or middle cerebral arteries were the 
posited mechanism of infarction. 

(Arch Neurol. 1990;47:133-143) 


Tre caudate is a deep basal gray nu- 

cleus commonly affected, along 
with the other component of the stri- 
atum, the putamen, in degenerative 
brain diseases. In degenerative patho- 
logic conditions, eg, Parkinson’s and 
Huntington’s diseases, other central 
nervous system structures are also in- 
volved, making it difficult to know 
what signs are attributable to the cau- 
date dysfunction. Focal brain lesions, 
especially strokes, are more useful 
than diffuse or multifocal disorders in 
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contributing to knowledge of the func- 
tions of individual brain structures. 
Brain tumors are seldom limited to one 
caudate nucleus, and edema and mi- 
croscopic tumor spread make anatomi- 
coclinical correlation more difficult 
than discrete strokes. Caudate hemor- 
rhages'* cause headache, confusion, 
and agitation, but mass effect and dis- 
section of blood into the lateral ven- 
tricles and subarachnoid space, and 
into the nearby hypothalamus and in- 
ternal capsule, confound interpreta- 
tion of the mechanism of the signs and 
symptoms. Small caudate infarcts are 
often incidentally found at necropsy 
though usually there is no clinical his- 
tory of stroke. Reports and reviews of 
patients with specific findings such as 
chorea,** behavioral abnormalities,” 
dysarthria,” “subcortical aphasia,”!*"” 
depression, and “lacunar” infarcts” 
have included some patients with cau- 
date nucleus infarction, but no previ- 
ous report analyzed the findings in a 
series of patients with caudate infarc- 
tion. We now report clinical and radio- 
graphic findings in 18 patients with 
infarcts in a caudate nucleus and the 
adjacent anterior putamen and ante- 
rior limb of the internal capsule. We 
also analyze the vascular anatomy and 
causative stroke mechanisms and dis- 
cuss the clinical findings in light of 
what is known about the functions of 
the caudate nuclei and their connec- 
tions. 


METHODS 


We searched the files of personally ex- 
amined patients and the Michael Reese 
(Chicago, Ill) and New England Medical 
Center (Boston, Mass) stroke registries for 
patients with acute strokes who had recent 
computed tomographic (CT)-documented 
infarcts in a caudate nucleus. Lesions could 
extend into the adjacent anterior limb of 


the internal capsule and the anterior puta- 
men. We excluded patients with cortical in- 
farction or known previous strokes. Com- 
puted tomographic scans were recorded on 
standard grids used in the Stroke Data 
Bank,” and were analyzed for the size and 
location of lesions with each type of neuro- 
logic deficit, using a method previously de- 
scribed and illustrated.” 


RESULTS 
Demography and Case Material 


There were 12 men and 6 women. 
The average age at stroke onset was 
65.8 years, and the ages ranged from 38 
to 83 years. Seven patients were white, 
10 were black, and 1 was Chinese. Nine 
patients were studied in Chicago, Ill— 
6 at Michael Reese Hospital (J.P.G., 
L.R.C., D.B.H.) and 3 at the University 
of Illinois (C.H.). Six patients were 
studied in Boston, Mass;—4 at the New 
England Medical Center (L.R.C., E.F.), 
1 at Boston City Hospital (J.S.), and 1 
at University Hospital (C.K.). One pa- 
tient was seen in New Hampshire 
(G.B.) and 2 in New Jersey (J.G.). 


CT Findings 


A montage of the CT grids is shown 
in Fig 1. Eight lesions were right- 
sided, 10 were left-sided. In 4 patients, 
the infarct was limited to the caudate 
nucleus; in 9 the infarct included the 
caudate nucleus and anterior limb of 
the internal capsule (Fig 2, left), and in 
5 the lesion affected the caudate nu- 
cleus, anterior limb of the internal 
capsule, and the anterior putamen (Fig 
2, right). Four lesions were small, 9 
were moderate sized, and 5 were large. 
One patient also had magnetic reso- 
nance imaging, which showed more 
capsular extension than CT. 


Neurological Signs 


Motor Abnormalities.—The motor ab- 
normalities are listed in Table 1. All 
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Fig 1.— Montage of computed tomographic lesions at a plane through the superior thalamus charted on Stroke Data Bank 
grids. Patient 1 is charted at upper left and scans represent patients 1 through 18 from left to right. Patient 18 is at lower 
right extreme. The left hemisphere is on the viewer's left. 
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Fig 2.—Left, Infarct in left caudate nucleus extending into adjacent anterior limb of the internal 
capsule. Right, Right-sided caudate infarct extending to internal capsule and anterior putamen. 


signs were contralateral to the caudate 
infarct. Five patients had no motor 
signs, and two patients had only slight 
facial weakness or asymmetry. Motor 
dysfunction, when present, was most 
often slight, but two patients had a 
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moderately severe hemiparesis. The 
involved limbs usually showed de- 
creased spontaneous movement and 
reduced associative movements. Resis- 
tance to passive movement was usually 
increased in both flexion and exten- 


Table 1.—Motor Abnormalities 


Weakness 
————— 
No. of 
Patients 


Severity Location 


None 
Slight 11 
Face, arm, 





and leg 
Face 
Mostly hand 
Arm and leg 


Moderate 


Face, arm, and 
leg 





sion, but there was no spasticity. Of- 
ten, the motor signs were temporary, 
improving quickly or after 2 to 3 weeks. 
No patient had a persistent severe re- 
sidual hemiparesis. 

Among the patients who had no mo- 
tor abnormality, two had infarcts on 
CT limited to the caudate and three 
infarcts extended into the adjacent 
anterior limb of the capsule, but none 
extended into the putamen. One pa- 
tient with moderately severe hemi- 
paresis (patient 9) had two clinically 
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Dysarthria 
N= 11 


Dysmemory 
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Fig 3.— Composite montages. Computed tomographic grids represent location of all infarcts in patients with the abnormalities cited. 


unsuspected old infarcts on CT, one in 
the posterior limb of the internal cap- 
sule on the same side as the caudate 
infarct, and the other in the cerebel- 
lum on the opposite side. Patient 18, 
with a moderately severe hemiparesis, 
had a large infarct that extended 
across the capsule into the anterior 
putamen. 

Dysarthria.—Eleven patients had 
dysarthria; 6 dysarthric patients had 
right-sided caudate infarcts (6 [75%] 
of 8), while 5 (5 [50% ] of 10) had left- 
sided lesions. Among dysarthric pa- 
tients, one infarct was limited to the 
caudate, 8 affected the caudate and 
anterior limb of the capsule, and 2 ex- 
tended to include the putamen. 

Behavioral and Cognitive Abnormali- 
ties.—Abnormalities of behavior, 
alertness, and speech were even more 
common than motor dysfunction. Only 
four patients had no recognized cogni- 
tive or behavioral abnormalities. 

Abulia.—The most frequent behav- 
ioral abnormality was an inactive, 
slow, apathetic state that we will refer 
to as abulia, after Fisher.” Abulia is 
defined by three criteria: decreased 
spontaneous activity and speech; pro- 
longed latency in responding to que- 
ries and directions and other stimuli; 
and reduced ability to persist with a 
task. Ten patients were abulic (6/10, 
left; 4/8, right). 

Two descriptions illustrate the ab- 
normality. Patient 7 was described by 
his wife as unusually slow and apa- 
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thetic. He was content to sit and 
seemed “disinterested” in doing any- 
thing. Speech was slow and labored but 
“made sense.” He had little energy and 
tired easily. Patient 13 said, “I seem to 
be able to do things and think things 
out, but the process has become very 
slow.” This patient would respond to 
directions or queries, but often only 
after a 20- to 30-second delay. 

Four abulic patients had lesions con- 
fined to the caudate nucleus, four had 
extension to the anterior limb, and 
only one had spread to the putamen. 
All of the patients in the series with 
infarcts limited to the caudate on CT 
were abulic. 

Restlessness and Hyperactivity.— 
Seven patients were described as con- 
fused, restless, or hyperactive at some 
time during their acute stroke. In three 
patients, overactivity alternated with 
abulia. Though these patients were 
generally apathetic and had reduced 
spontaneous activity, they were inter- 
mittently restless, agitated, and con- 
fused. Among these three patients (pa- 
tients 1, 10, and 17), one had a moder- 
ate-sized left caudate infarct, while 
the other two lesions were right-sided, 
one moderate sized ‘and the other 
small. In four patients, hyperactivity 
was the major abnormality, and fea- 
tures of abulia were absent. Two hy- 
peractive individuals (patients 3 and 
16) had large left caudate infarcts, 
while patients 6 and 9 had large- and 
moderate-sized right-sided lesions. In 


two patients (patients 10 and 17) with 
right-sided caudate infarcts, the be- 
havioral abnormality was severe. 
These patients are graphed as agita- 
tion in Fig 3. Patient 10 was usually 
apathetic, but intermittently became 
agitated, moved about incessantly, and 
frequently called out. Patient 17, with 
a small infarct limited on CT to the 
right caudate nucleus, had nearly in- 
cessant speech, and was agitated, de- 
lirious, and confused. 

Contralateral Neglect.—Three pa- 
tients, all with right-sided infarcts, 
had neglect of contralateral space. 
They ignored objects and people on 
their left and were inattentive to vi- 
sual and auditory stimuli presented on 
the left side. One patient with con- 
tralateral neglect had a large lesion 
extending into the anterior limb of the 
internal capsule and the putamen, 
while the other two patients had mod- 
erate-sized lesions that extended into 
the internal capsule. 

Language Abnormalities.—Two pa- 
tients with left-sided caudate infarcts 
had speech abnormalities. Patient 2, 
with a moderate-sized infarct that ex- 
tended into the anterior limb of the 
capsule and the anterior putamen, had 
spells of “stuttering” accompanied by 
weakness and clumsiness of the right 
hand. Later, when he developed per- 
sisting hemiparesis, stuttering also 
persisted and he omitted consonants. 
Patient 11, with a moderate-sized left- 
sided caudate infarct extending only 
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Table 2.— Cognitive and Behavioral 
Abnormalities 


Side of 
Brain 
Lesion 

2/10 left; 
2/8 right 
6/10 left; 
4/8 right 
3/ 10 left; 
4/8 right 
3/8 right 


No. of 
Patients 


Deficit 


None 
Abulia 


Agitation, 
hyperactivity 


Contralateral 
neglect 


Language 
abnormalities 


Table 3.— Vascular Investigations * 


Angiography, 7 
No important diagnostic lesions, 5 
Intracranial arterial beading, 1 
ICA siphon stenosis (75%), 1 


Noninvasive carotid ultrasound, 2 
Normal, 2 


TCDU, 1; normal, 1 


Echocardiography, 7 
Normal, 6 


Mitral stenosis, 1 


3/ 10 left 
















" ICA indicates internal carotid artery; TCDU, trans- 
cranial Doppler ultrasound. 


slightly into the adjacent anterior 
limb of the capsule, stammered fre- 
quently. He also had word-finding dif- 
ficulty, but did not make paraphasic 
errors, and comprehension and repeti- 
tion of speech were normal. 

Other Cognitive or Behavioral Ab- 
normalities.—Two patients with left- 
sided caudate infarcts (patients 1 and 
13) had "poor memory." Each was also 
abulic and slow. Memory was im- 
proved when the patients were given 
prolonged time to respond, and when 
cues or choices were given. Mumbling 
(patient 10), sleepiness (patient 12), 
echolalia (patient 17), difficulty dress- 
ing (patient 8), poor drawing and copy- 
ing (patient 17), and visual-spatial ab- 
normalities (patient 6) were occasional 
findings. The two patients with visual- 
spatial and constructional abnormali- 
ties both had right-sided caudate 
infarcts. Patient 6, with a large 
right-sided caudate, capsular, and 
putaminal infarct, neglected left-sided 
lines on cancellation tests and recog- 
nized only one figure on Poppelreuter's 
diagram. He ignored people and voices 
on his left side and had consistent ex- 
tinction of left-sided tactile and visual 
stimuli. 

The abnormalities found on neuro- 
logical examination are listed in Ta- 
bles 1 and 2 and depicted on CT grids 
in Fig 3. 
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Vascular Lesions and Stroke Mecha- 
nisms.— Patients were not all system- 
atically investigated to determine the 
causative mechanism of their ischemic 
strokes. Risk factors for penetrating 
artery and branch artery disease were 
prevalent. Fourteen patients (77%) 
were hypertensive and six patients 
(33% ) had diabetes mellitus. Only five 
patients had neither hypertension nor 
diabetes. One elderly man had a very 
severe autoimmune hemolytic anemia 
with a hematocrit of 0.16. Four pa- 
tients had known coronary artery dis- 
ease, one had mitral stenosis, and one 
had hyperlipidemia. 

Investigations are noted in Table 3. 
The only important angiographic ab- 
normality was stenosis of an ipsilat- 
eral internal carotid artery within the 
siphon. A Chinese patient had beading 
of many intracranial arteries, a com- 
mon finding in our experience in pa- 
tients from Boston's Chinatown.? Ca- 
rotid ultrasound studies were per- 
formed in only two patients, with 
normal results. Transcranial Doppler 
ultrasound was normal in one patient. 
Echocardiography uncovered no un- 
suspected lesions. Only one patient 
had an arrhythmia, atrioventricular 
block. No patient had atrial fibrilla- 
tion. No necropsy material was avail- 
able, since no patient died during or 
after their stroke. 


COMMENT 


This is the first report, to our knowl- 
edge, of a series of patients with cau- 
date infarcts who were studied clini- 
cally and with neuroimaging tech- 
niques. There are important 
limitations of this study: Representa- 
tiveness of the sample—This is a ret- 
rospective collection of patients re- 
ferred to neurologists and stroke cen- 
ters with acute-onset signs. We cannot 
know if the sample is representative of 
the universe of caudate infarcts. Neu- 
roimaging— We selected patients with 
CT-documented lesions that we judged 
to be recent, involving a caudate nu- 
cleus and adjacent deep structures. 
Since magnetic resonance imaging was 
available in only one patient and we 
had no necropsy material, we cannot 
be certain that some individuals did 
not have confounding cortical is- 
chemia, or even another lesion not seen 
on CT. Vascular—Not all patients had 
definitive vascular studies that clari- 
fied stroke mechanism. Study neurolo- 
gists performed angiography only 
when clinically indicated. Statistical— 
The very small sample size and purely 
descriptive nature of the material do 
not lend themselves to useful statisti- 
cally valid interpretation. 


The most important findings in this 
series are as follows: (1) the frequency 
of prominent dysarthria, (2) the na- 
ture of the motor abnormalities, (3) 
the striking prevalence and nature of 
the frequent cognitive and behavioral 
abnormalities and their relationship 
to the laterality of the lesions, and (4) 
the most likely stroke mechanism was 
branch arterial occlusive disease of 
Heubner's artery or medial lenticulo- 
striate branches of the proximal mid- 
dle cerebral artery, or direct penetra- 
tors from the proximal portion of the 
anterior cerebral artery. 


Motor Findings 


Motor abnormalities contralateral 
to the infarcts were common in our se- 
ries, and occurred in more than two 
thirds of the patients. Weakness was 
more likely to be present when the 
caudate lesion extended into the ante- 
rior limb, especially when the putamen 
was involved. Usually, the weakness 
was slight and most often affected the 
face, arm, and leg. The most frequent 
motor abnormalities were decreased 
spontaneous use, clumsiness, de- 
creased associative movements such as 
reduced arm swing and decreased ex- 
cursion of leg movement on walking, 
and increased tone. Some patients 
used the arm “en bloc,” showing diffi- 
culty in rapid, precise, or alternating 
movements. Paralysis, grossly exag- 
gerated deep tendon reflexes, and ex- 
tensor plantar signs were not often 
noted. No patient had “cerebellar” 
type incoordination or ataxia of the 
affected limbs. We call the motor find- 
ings described a “non-pyramidal 
hemimotor syndrome” to distinguish 
them from the abnormalities in pa- 
tients with lesions of the precentral 
gyrus, posterior limb of the internal 
capsule, and more distal corticospinal 
projections in whom Babinski signs, 
hyperreflexia, paralysis, and “pyra- 
midal distribution” weakness and al- 
tered tone are found.” 

In the monkey, the motor and soma- 
tosensory cortical areas and the sup- 
plementary motor area project to the 
striatum (mostly putamen but some 
caudate), and then by way of the pal- 
lidonigral pathways to the ventrolat- 
eral thalamus and back to the cortex in 
a “motor circuit.”” Unilateral ablation 
of Brodman areas 4 and 6 in the mon- 
key lead to prominent but temporary 
decrease in metabolic activity in the 
caudate nucleus ipsilateral to the le- 
sion, providing further evidence for 
inclusion of the caudate in the motor 
system.” The anterior limb of the in- 
ternal capsule carries frontopontine 
motor fibers. Abnormal motor signs 
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such as akinesia, increased tone, and 
decreased associative and automatic 
movements are prominent features in 
patients with degenerative diseases of 
the basal ganglia. 

In prior reports of humans with fo- 
cal vascular lesions in the caudate nu- 
cleus or adjacent structures, hemi- 
paresis has been noted, but usually not 
further characterized. In a series of 12 
patients with hypertensive hemor- 
rhages in the caudate nucleus, 7 had a 
contralateral hemiparesis.! In the 
hemiparetic patients, hematomas ex- 
tended into or across the internal cap- 
sule and often caused mass affect 
while, in patients without hemipare- 
sis, the hematomas were limited to 
the caudate and adjacent lateral 
ventricle.' In another series of patients 
with caudate hemorrhages, 4 out of 8 
had hemiparesis, but 3 of 4 hemi- 
paretic patients had carotid aneu- 
rysms associated with meningocere- 
bral hemorrhage and ischemia outside 
the caudate nucleus.’ Others have also 
noted hemiparesis in patients with 
caudate hemorrhage.** Among 30 pa- 
tients with pure motor hemiplegia, 
Rascol and colleagues? found two 
with "anterocapsulocaudate" infarcts, 
which were comma or halfmoon- 
shaped lesions extending from the cau- 
date, passing laterally and posteriorly, 
forming a medial concavity across the 
anterior limb of the internal capsule 
into the anterior putamen. These two 
patients had predominantly faciobra- 
chial weakness and the CT lesions were 
identical to patients in our series 
whose lesions extended into the ante- 
rior limb and putamen. Hemichorea 
has also been described in patients 
with caudate infarcts,*° but was not 
found in any of the patients in the 
present series. Denny-Brown? and 
Denny-Brown and Yanagisuma? did 
not find important sensory-motor ab- 
normalities in monkeys with bilateral 
caudate-putamenal lesions, but others 
have noted slight transient contralat- 
eral “paresis” and persistent absence 
of contralateral placing reactions in 
cats with unilateral caudate lesions. 


Dysarthria 


Abnormalities of the articulation of 
speech were very common in our se- 
ries, especially in patients with right- 
sided caudate infarcts. The responsible 
lesions nearly always involved the an- 
terior limb of the internal capsule; 
only one patient had an infarct limited 
to the caudate nucleus on CT. Van 
Buren? stimulated the head of the 
caudate nucleus and the anterior limb 
of the internal capsule and the adja- 
cent deep white matter, and only 
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rarely was able to produce "garbled 
speech." Critchley,” in a review of the 
findings in patients with anterior ce- 
rebral artery territory infarction, cor- 
related dysarthria with lesions of the 
centrum semiovale and the anterior 
part of the anterior limb of the inter- 
nal capsule. When affected alone, left- 
sided caudate lesions did not cause 
dysarthria.? Most authors have em- 
phasized the importance of lesions of 
the motor cortex or white matter in the 
production of abnormal speech articu- 
lation and dysarthria. Fisher and 
Curry** and Fisher? described dysar- 
thria in their patients with pure motor 
stroke and pontine or capsular infarc- 
tion. In patients with capsular infarc- 
tion, the lesion involved corticobulbar 
fibers in the genu of the internal cap- 
sule, and left-sided lesions predomi- 
nated. The patient with the most se- 
vere dysarthria had a large lacune in- 
volving the genu and anterior limb of 
the superior part of the left internal 
capsule.” Schiff and colleagues* stud- 
ied the anatomical basis of severe dys- 
arthria in patients with left frontal 
lobe infarcts. Two had infarcts in the 
lower half of the precentral gyrus and 
subjacent white matter, while two had 
infarcts in the anterior limb of the in- 
ternal capsule between the caudate 
head and the putamen, closely resem- 
bling our patients. One subcortical le- 
Sion extended into the head of the cau- 
date nucleus. Alexander et al” studied 
19 patients with aphasia and left-sided 
subcortical lesions. Striatal involve- 
ment was not important for the pro- 
duction of articulatory dysfunction; 
dysarthria correlated best with lesions 
in the periventricular white matter, 
particularly in the region of the junc- 
tion between the anterior limb and 
genu of the internal capsule. Ozaki et 
al* described 5 hypertensive patients 
who had the sudden onset of dysar- 
thria, but no limb weakness or other 
important neurological signs. All had 
lesions in the anterior limb of the 
internal capsule or the adjacent corona 
radiata, 4 on the left side, and 1 on the 
right side. In all of the above-cited 
studies, dysarthria could be explained 
by lesions of the motor cortex or un- 
derlying white matter innervating 
bulbar muscles, or by interruption of 
the anteriorly placed white matter fi- 
bers connecting motor association cor- 
tex with the contralateral cerebellum. 
Corticobulbar fibers and thalamocor- 
tical fibers travel in the anterior limb 
and genu of the internal capsule. 
Fisher and Curry^ and Fisher? and 
Ozaki et al* had a predominance 
of left-hemisphere lesions among 
their patients with dysarthria, and 


others" studied only left-hemi- 
sphere-dominant lesions in order to 
analyze aphasia profiles. Ropper,? in 
contrast, emphasized the importance 
of right-hemisphere lesions in the pro- 
duction of dysarthria. All of his 10 pa- 
tients had infarction of the right fron- 
tal lobe or underlying white matter. 
Lechtenberg and Gilman? and Gilman 
et al had noted a preponderance of 
left-sided compared with right-sided 
cerebellar lesions in patients with dys- 
arthria. The left cerebellum connects 
mostly to the right cerebral hemi- 
sphere via thalamocortical fibers pass- 
ing through the anterior limb of the 
internal capsule. Our series of dysar- 
thric patients also shows a slight 
right-sided predominance. 


Cognitive and Behavioral Abnormalities 


The basal ganglia and caudate nu- 
cleus have long been generally ac- 
cepted as having important roles in 
motor function.? Only more recently 


. have clinicians and investigators be- 


gun to explore involvement of basal 
gray structures and their connections 
in relation to abnormalities of cogni- 
tion and behavior. The term subcorti- 
cal dementia? implies that lesions of 
deep structures might cause decreased 
intellectual abilities either by anatom- 
ical disruption of cortical connections 
or by involvement of the basal gray 
nuclei and their neurotransmitters in 
the physiology of higher cortical func- 
tion. Experimental and clinical studies 
document abnormalities of language, 
attention, learning, memory, and be- 
havior in humans and experimental 
animals, with a variety of basal gan- 
glia diseases and lesions. Strokes and 
other focal lesions that involve white 
matter fibers disrupt cortical-subcor- 
tical connections. However, degenera- 
tive diseases with pathologic findings 
limited to loss of basal ganglia cells 
could cause neuropsychological im- 
pairment only by disrupting the func- 
tion of the gray nuclei themselves.“ In 
the series reported herein, the most 
striking finding was the prevalence, 
nature, and variety of cognitive and 
behavioral abnormalities. 

The caudate nucleus is an essential 
component of basal ganglia-thalamo- 
cortical circuitry. Anatomical and 
physiological studies in animals by 
Alexander et al% and Alexander and 
DeLong,* and others,“ have de- 
fined connections between cortical 
areas in the frontal, parietal, and tem- 
poral lobes usually considered to be so- 
called associative cortex with deeper 
structures in a number of corticostri- 
atopallidonigralthalamocortical cir- 
cuits. A current schema of this cir- 


Caudate Infarcts—Caplan et al 137 


Com) APA,MC.SC 


Striatum 


Pallidum 


Substantia 
Nigra 


Thalamus 


Dorsolateral 


Oculomotor Prefrontal 


FEF DLC.PPC 


DLC ) PPC,APA 


cdm-GPI 
vI- SNr 


Lateral 
Orbitofrontal 


Anterior 
Cingulate 





Fig 4.— Tabular description of basal ganglion-thalamic-cortical circuits. From Alexander et al.?5 Abbreviations are as follows: 
ACA, anterior cingulate area; APA, arcuate premotor area; CAUD, caudate, (b) body (h) head; DLC, dorsolateral prefrontal 
cortex; EC, entorhinal cortex; FEF, frontal eye fields; GPi, internal segment of globus pallidus; HC, hippocampal cortex; ITG, 
inferior temporal gyrus; LOF, lateral orbitofrontal cortex; MC, motor cortex; MDpl, medialis dorsalis pars paralamellaris; 
MDmc, medialis dorsalis pars magnocellularis; MDpc, medialis dorsalis pars parvocellularis; PPC, posterior parietal cortex; 
PUT, putamen; SC, somatosensory cortex; SMA, supplementary motor area; SNr, substantia nigra pars reticulata; STG, su- 
perior temporaL gyrus; VAmc, ventralis anterior pars magnocellularis; Vapc, ventralis anterior pars parvocellularis; VL m, ven- 
tralis lateralis pars medialis; VLo, ventralis lateralis pars oralis; VP, ventral pallidum; VS, ventral striatum; cl-, caudolateral; 
cdm-, caudal dorsomedial; dl-, dorsolateral; l-, lateral; Idm-, lateral dorsomedial; m-, medial; mdm-, medial dorsomedial; pm, 
posteromedial; rd-, rostrodorsal; rl-, rostrolateral; rm-, rostromedial; vm-, ventromedial; and vl-; ventrolateral. 


cuitry suggests that there are multi- 
ple, discrete, but partially overlapping, 
corticostriate inputs.” These inputs 
are progressively integrated in their 
passage through the pallidum and sub- 
stantia nigra to restricted portions of 
the thalamus and, from there, they are 
funneled back to the cortical area.” 
The behavioral functions of these cir- 
cuits has not been as well defined as 
similar motor and oculomotor path- 
ways so, at present, it seems best to 
simply describe what is known about 
the anatomy of these circuits without 
prematurely designating functions for 
each. 

A dorsolateral prefrontal circuit in 
primates connects cortex within and 
around the principal sulcus and the 
dorsal prefrontal convexity cortex, in- 
cluding Brodman areas 9 and 10, with 
caudate nucleus neurons extending 
from the dorsolateral regions of the 
head to the tail of the nucleus.?’** 
These caudate regions, in turn, project 
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to the dorsomedial globus pallidus and 
the rostral portions of the substantia 
nigra, which, in turn, project to the 
ventral anterior and medial dorsal nu- 
clei of the thalamus. Thalamocortical 
fibers then project back to the dorso- 
lateral prefrontal originating cortex to 
complete the circuit.” Projections 
from the posterior parietal cortex, 
Brodman area 7, and the arcuate pre- 
motor area also have projections to the 
same caudate regions.” 

A separate lateral orbitofrontal cir- 
cuit projects from orbitofrontal cortex 
(Brodman area 10) to the ventromedial 
caudate nucleus, extending from the 
head to the tail.” This portion of the 
caudate also receives input from the 
temporal lobe visual and auditory as- 
sociation cortex." The ventromedian 
caudate projects to the internal seg- 
ment of the globus pallidus and the 
rostromedial substantia nigra, which, 
in turn, also project to the ventral an- 
terior and dorsomedial thalamic nu- 


clei that complete the circuit by pro- 
jecting back to lateral orbitofrontal 
cortex. 

A final pathway usually referred to 
as the anterior cingulate circutt origi- 
nates in the anterior cingulum 
(Brodman area 24) and from “limbic” 
temporal lobe structures, including 
the hippocampus, amygdala, and en- 
torhinal and perirhinal cortex, and 
from orbitofrontal cortex, which all 
project to the ventral striatum (nu- 
cleus accumbens septi and olfactory 
tubercle) called the limbic striatum by 
Nauta and Domesick.? The ventral 
striatum projects to the ventral palli- 
dum and substantia nigra, and then to 
the mediodorsal nucleus of the thala- 
mus and back to the originating corti- 
cal regions. 

Projections from these striatal cir- 
cuits can be interrupted by lesions un- 
dercutting the caudate within the an- 
terior limb of the internal capsule. 
These circuits are depicted in tabular 
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form in Fig 4, taken from the work of 
Alexander et al.** The striatum re- 
ceives input from all major sensory, 
multimodal association regions, and 
limbic regions of the cortex. The corti- 
cal projections are highly patterned 
and cortical areas that are reciprocally 
connected by corticocortical connec- 
tions project in turn to similar regions 
within the caudate nucleus." Thus, 
there is an anatomical substrate for 
thecontribution of the caudate nucleus 
to cognitive function and behavior.**^! 
The caudate nucleus may be part of a 
mechanism whereby cortical regions 
involved in higher functions, including 
motivation, may gain access to motor 
output areas.? 


Abulia 


Reduced activity and slowness were 
the most common and important be- 
havioral abnormalities identified in 
our patients. The quantitative and 
temporal features of behavior have re- 
ceived less attention than the qualita- 
tive aspects. The initiation of sponta- 
neous behavior, the latency of re- 
sponses after stimulation, the speed of 
responses, and the duration and com- 
pleteness of responses are variables 
readily assessed in motor units, but 
more difficult to measure when re- 
sponses are complex or cognitive. A 
variety of descriptive terms have been 
used to describe clinical disorders of 
the amount, speed, and thoroughness 
of behavior, including intermittent in- 
terruption of behavior,? bradykinesia 
and bradyphrenia, abulia, akinesia, 
and akinetic mutism. These terms de- 
Scribe a continuum from minor or 
transient reduction to complete ab- 
sence of observable behavior (akinetic 
mutism), despite retained ability to 
move and speak normally under some 
circumstances. We prefer and use 
herein the term abulia, popularized by 
Fisher? to describe the full spectrum 
of abnormalities. Fisher characterized 
abulic patients as lacking in spontane- 
ity of action and speech, deficient in 
initiative, apathetic, inert, mentally 
slow, slow to move, having reduced ex- 
cursion of motion, and poorly attentive 
and yet easily distractable.” Verbal 
responses are late, terse, incomplete, 
and emotionally flat, but the intellec- 
tual content is normal if patients are 
prodded repeatedly. Our abulic pa- 
tients conformed in every detail with 
Fisher's description.” 

The anatomy of abulia in man has 
not been systematically studied. Fish- 
er's abulie patients most often had le- 
sions in the anterior cerebrum (frontal 
lobes and underlying structures) or in 
the thalamus and upper brain stem.” 


Arch Neurol—Vol 47, February 1990 


When focal lesions were present, le- 
sions in front of the central sulcus 
tended to produce reduced behavior, 
abulia, while posterior lesions were 
more often associated with a hyperac- 
tive, restless, agitated state.” Akinetic 
mutism has been reported in bilateral 
pallidal lesions,*** bilateral frontal 
lobe infarcts,“ and lesions of the 
thalami and upper brain stem.** 
Frontal lobe tumors®*! and patients 
with advanced Huntington’s, Picks, or 
Alzheimer’s disease (disorders that 
prominently affect frontal lobe struc- 
tures) often have abulia. Recently cog- 
nitive and behavioral deficits have 
been noted in parkinsonian patients 
comparable to those found in patients 
with lesions of the prefrontal and fron- 
tal cortex. A young woman with 
bilateral hypodense caudate lesions on 
CT had dramatic personality and be- 
havioral changes, but no motor 
abnormalities.’ She was indifferent, 
inattentive, and uninterested in her 
surroundings or examiners, but could 
be encouraged to concentrate well for 
short periods of time. Among 12 pa- 
tients with neurobehavioral abnor- 
malities and caudate lesions there 
were four who were apathetic and had 
decreased spontaneous verbal and mo- 
tor activity." 

Animal and human experiments 
provide some insights into the role of 
caudate nucleus lesions in causing re- 
duced behavior. Certain neurons in the 
caudate and putamen of monkeys can 
be shown by microelectrode recordings 
to be activated during presentation of 
signals that prepare the animal for 
movement; these neurons are acti- 
vated up to 3 seconds before self-initi- 
ated or automatic and purposeful arm 
movements.“ Similar neuronal activ- 
ity is found in the supplementary mo- 
tor area, premotor cortex, and sub- 
stantia nigra“ regions involved in the 
circuits described above.” The stria- 
tum and cortex are closely linked so 
that in animals selective caudate le- 
sions lead to behavioral deficits equiv- 
alent to those found with lesions of the 
areas of the cerebral cortex that 
project to that region of the striatum.” 
In adult monkeys, bilateral electrical 
lesions in the caudate nuclei and ante- 
rior putamen lead to hypokinesia, 
slowness, poor attention, and a ten- 
dency to stand and stare for periods as 
long as 7 weeks.? Anterior caudate le- 
sions in cats impair delayed response 
and attention tasks.9 In epileptic pa- 
tients, unilateral electrical stimula- 
tion of the head of either caudate nu- 
cleus causes partial cessation of vol- 
untary movements and speech similar 
to stimulation in the white matter of 


the posterior frontal lobes.** *Psychic" 
effects such as amnesia, euphoria, and 
decreased responsiveness to visual and 
auditory areas were also found after 
caudate stimulation.” Supplementary 
motor area lesions" and stimulation® 
in man produce similar behavioral and 
speech arrests. 

Abulia in ‘our patients and others 
with caudate lesions could be due to 
interruption of frontalstriatalthalam- 
iccortical circuits described. Alterna- 
tively dysfunction of circuits arising 
from the brain-stem reticular activat- 
ing system-stimulating cortex might 
be implicated also. Ascending biogenic 
amine pathways originate in the brain 
stem and project through the median 
forebrain bundles, disperse into the 
caudate nuclei, and pass to the frontal 
cortex." The presence of akinetic 
mutism in patients with brain-stem 
lesions“ and improvement in a patient 
with akinetic mutism due to rostral 
brain-stem disease after treatment 
with dopamine agonists,? all support 
involvement of these afferent systems 
in some abulic patients. Afferent 
aminergic systems are distributed 
asymmetrically.” Starkstein et al! 
postulated that these asymmetries 
might explain the preponderance of 
depression in left anterior hemi- 
sphere-damaged stroke patients over 
those with right-hemisphere compara- 
ble lesions, and Fisher? has wondered 
if abulia was more common in patients 
with left anterior cerebral lesions. We 
found a slight, but nonsignificant, pre- 
ponderance of left caudate lesions 
among our abulic patients. Lesions of 
the anterior limb of the capsule were 
not necessary, since the four patients 
with lesions limited to the caudate nu- 
cleus all had abulia. 


Restlessness and Hyperactivity 


Restlessness, increased motor activ- 
ity, and even delirium characterized 
the behavioral abnormalities of seven 
of our patients with caudate infarc- 
tion. In some, the hyperactivity and 
agitation alternated with abulia and 
periods of apathy, but in others hyper- 
activity was the predominant abnor- 
mality. Anxiety, agitation, and talk- 
ativeness were also common among a 
series of patients with caudate lesions 
and neurobehavioral abnormalities. 

Fisher? noted that behavioral hy- 
peractivity with restlessness, excite- 
ment, agitation, talkativeness, and 
shouting was sometimes associated 
with aggressiveness and striking out 
at others. Patients with these findings 
usually had posterior hemispheral le- 
sions in contrast to abulic patients who 
had anterior lesions. In a series of pa- 
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tients with right middle cerebral ar- 
tery inferior division infarcts, rest- 
lessness and agitation correlated with 
lesions in the temporal lobe on CT.? In 
another series of patients with right- 
sided middle cerebral artery infarc- 
tion, extreme agitation, irritability, 
and "autonomie overactivity," also 
correlated with temporal lobe infarc- 
tion, especially involving the middle 
temporal gyrus.’ Among 41 of these 
patients, 34 had infarction involving 
the basal ganglia, 4 of whom had 
extreme agitation and 30 of whom did 
not. Others have also emphasized the 
importance of temporal lobe lesions in 
patients with agitation.” Hyperac- 
tivity and agitation can also be found 
in patients with left middle cerebral 
artery inferior division infarcts,” and 
bilateral temporal lobe lesions, eg, 
herpes simplex encephalitis. 

Infarction within the posterior ce- 
rebral artery territories (PCA) affect- 
ing the occipital and temporal lobes 
inferior to the calcarine fissure, includ- 
ing the lingual and fusiform gyri, also 
has been associated with agitated 
delirium.”*° Most reported examples 
have been bilateral infarcts, but uni- 
lateral PCA territory infarction, espe- 
cially affecting the left occipital and 
posteromedial left temporal lobe, has 
also been accompanied by restlessness, 
distractibility, irritability, and dis- 
orientation.” 

Lesions of limbic cortex or the brain- 
stem reticular activating system un- 
derlie these reported instances of rest- 
lessness and agitation. We have al- 
ready noted that these regions have 
input into the caudate nucleus and 
projection fibers from these regions 
and from the thalami traverse the an- 
terior limb of the internal capsule ad- 
jacent to the caudate nucleus. Nauta” 
reviewed the connections of the cau- 
date nucleus, the basal ganglia, and 
the ventral striatum with the frontal 
and temporal lobe components of the 
limbic system. 


Neglect of Contralateral Space 


Contralateral neglect was a promi- 
nent feature in three of our patients all 
with right caudate infarction. In 
animals?** and man,™*” a variety of 
right brain-stem and cerebral lesions 
have been associated with inattention 
or neglect of left-sided visual, audi- 
tory, and tactile stimuli. Hemispatial 
neglect has been described in humans 
with lesions of the right frontal 
lobe,?:563* inferior parietal lobule,”!*?° 
cingulate gyrus,” thalamus,”” and the 
superior colliculus.” The putamen” 
and caudate nucleus’ have also been 
implicated, but the described lesions 
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have all been large, extending beyond 
the confines of the striatum. Ferro et 
al* described 15 patients with lesions 
limited to the striatum, internal cap- 
sule, and adjacent white matter in the 
right cerebrum who had contralateral 
“subcortical” neglect. Six had involve- 
ment of the caudate nucleus and 1 pa- 
tient with a “caudateputamenocapsu- 
lar" infarct similar to the largest in- 
farets in patients in our report had 
severe hemispheral neglect. Most pa- 
tients with subcortical neglect had 
slight abnormalities that were often 
transient.* 

In the rhesus monkey, the caudate 
nucleus receives projections from all 
areas of the cerebral cortex that have 
been implicated in  hemi-inatten- 
tion—”*” the polymodal regions of as- 
sociation cortex;5/9/! the frontal 
lobes,”°*"! and the cingulate gyrus.” 
Hemi-inattention may follow lesions 
of the caudate nucleus because of dis- 
ruption of the parietal, frontal, limbic, 
or reticular components of the cir- 
cuitry subserving attention. The hemi- 
inattention syndrome following cau- 
date infarction is usually transient 
because the remaining intact struc- 
tures are able to compensate. 

The anterior limb of the internal 
capsule was involved in all three of our 
patients with hemi-inattention, and 
one also had extension to the putamen. 
A lesion of the anterior limb itself 
could cause neglect even when the 
striatum is spared by interfering with 
afferent projections from the thala- 
mus.'? One of the authors (J.D.S.) has 
observed a patient with hemi-inatten- 
tion following infarction of the genu of 
the right internal capsule. 

Hemi-inattention presumably re- 
sults from predominantly right-sided 
subcortical lesions because of the rec- 
ognized dominance of that hemisphere 
for attention and visual-spatial orien- 
tation.” Visual-spatial abnormal- 
ities were also occasionally found in 
patients with right-sided caudate in- 
farction. 


Language Abnormalities 


Abnormalities of the production and 
comprehension of written and spoken 
language have been noted in patients 
with subcortical lesions that do not in- 
volve traditional perisylvian-domi- 
nant hemisphere cerebral cortex. Pa- 
tients with left-sided putaminal hem- 
orrhage often have an initial global 
aphasia and later show elements of 
transcortical aphasia. Broca's-type 
aphasia can be found in patients with 
anteriorly placed putaminal hemor- 
rhages, while hemorrhages located far 
posteriorly in the putamen have been 


associated with fluent Wernicke-type 
aphasia. None of the patients with 
caudate hemorrhage was described as 
aphasic.'* Subcortical infarcts have 
also been noted to cause dysphasia. 
Naeser et al? and Damasio et al'^ each 
reported series of patients with apha- 
sia and predominantly subcortical le- 
sion sites on CT. The aphasic syn- 
dromes varied greatly depending on 
the size, anteroposterior location, and 
extent of the lesion. Patients were in- 
variably hemiparetic and had promi- 
nent dysarthria; recovery of language 
function was usually rapid. Parapha- 
sic errors and abnormal naming and 
repetition of spoken language were 
common. No patients in either series 
had a lesion limited to the caudate nu- 
cleus or the structures included in our 
series. A single patient with aphasia 
and left-sided caudate infarction has 
been reported in abstract form. This 
patient had preserved comprehension 
and repetition of language, but made 
semantic errors and had many intru- 
sions and perseverations. Among 19 
aphasic patients with subcortical le- 
sion sites studied by Alexander and 
colleagues," several had lesions of the 
caudate nucleus, anterior limb of the 
internal capsule, and putamen similar 
to our patients. These patients had 
slight word-finding difficulty or hesi- 
tancy, but none had severe aphasic ab- 
normalities. Projections from the au- 
ditory cortex to the head of the caudate 
nucleus travel in the anterior limb of 
the internal capsule" and could have 
been affected in patients with aphasia 
and left-sided caudate infarction. 
Stuttering and stammering were 
prominent features of our two aphasic 
patients with left-sided caudate in- 
farction. Stuttering can occasionally 
be acquired and develop after stroke 
and has been associated with lesions 
affecting the extrapyramidal sys- 
tem.'^ 

Other cognitive and behavioral ab- 
normalities frequently noted in pa- 
tients with hemispheral cortical le- 
sions were occasionally found in our 
series. These abnormalities included 
memory abnormalities, poor drawing 
and copying, and visual-spatial abnor- 
malities. Depression has also been 
noted in patients with subcortical in- 
farcts, especially those located in the 
caudate nucleus and adjacent white 
matter, 9! and in Parkinson's dis- 
ease.!!? We did not detect depression 
in the patients in our series, but one 
patient in the series of Mendez et al." 
had "crying spells." One of the authors 
(L.R.C.) has seen a patient with a CT- 
documented caudate infarct of uncer- 
tain chronicity, whose major symptom 
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was acute depression responding to 
tricyclic antidepressants. 


Vascular Anatomy and 
Mechanisms of Stroke 


The infarcts in this series were lim- 
ited anatomically to the head of the 
caudate nucleus, the rostral putamen, 
and the anterior limb of the internal 
capsule. These structures receive their 
blood supply from three major sources: 
Heubner's artery, direct penetrating 
arteries from the proximal anterior 
cerebral artery, especially the short 
central artery, and medial striate 
branches from the proximal middle 
cerebral artery. Heubner described his 
artery over 100 years ago,'^ yet de- 
scriptions of the anatomy of this ves- 
sel vary widely.''*'” The recurrent ar- 
tery of Heubner usually (>75% ) arises 
from the beginning of the A2 segment 
of the anterior cerebral artery near the 
anterior communicating artery junc- 
tion.'^'7 The artery then loops and 
usually courses parallel to the A1 seg- 
ment of the anterior cerebral artery. 
In only one fourth of patients is the 
recurrent artery a single vessel; more 
often, there are two, three, or even four 
recurrent arteries." The multiplicity 
of major penetrating arteries is simi- 
lar to the situation in the lateral len- 
ticulostriate and thalamostriate ar- 
teries. Heubner's artery nearly always 
supplies the head of the caudate and 
the anterior limb of the internal 
capsule," but has little supply poste- 
rior to the anterior commissure." Fig- 
ure 5 from Gorczyca and Mohr!" shows 
the distribution of supply of the recur- 
rent artery of Heubner from injection 
techniques. 

The very far medial lenticulostriate 
arteries also can supply the anterior 
limb of the internal capsule, the puta- 
men, and the most lateral border of the 
caudate nucleus. Anastomoses are 
sometimes present between these me- 
dial striate arteries and the recurrent 
artery of Heubner.'"'? Figure 6 de- 
picts alesion in the anterior limb of the 
internal capsule caused by a proximal 
occlusion of the middle cerebral artery 
before the medial lenticulostriate 
branches. Most observers have identi- 
fied arteries that penetrate directly 
into the anterior perforating sub- 
stance and more laterally from the 
proximal anterior cerebral artery. One 
artery, the short central artery, is 
more consistent than others and may 
in some individuals supply a portion of 
the caudate nucleus and anterior limb 
of the internal capsule.'” All the ar- 
teries that supply the caudate nucleus, 
anterior limb of the capsule, and ante- 
rior putamen are penetrating arteries 
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Fig 5.— Supply of Heubner's artery at the level of the anterior commissure. On the left of the fig- 
ure, the arterial supply is shown in white. From Gorczyca and Mohr.''’ 


ji 





Fig 6.—Left, Computed tomographic scan without contrast showing infarct in the anterior limb of 
the internal capsule and white matter adjacent to the caudate nucleus. Right, Carotid angiogram, 
anteroposterior view. Occlusion of proximal middle cerebral artery (black area) before medial len- 
ticulostriate branches. The posterior cerebral artery fills from the internal carotid artery directly. 


subject to the same pathologic condi- 
tions as the lenticulostriate, thal- 
amostriate, and thalamoperforating 
arteries. These vessels could theoreti- 
cally be compromised by occlusion of 
the parent artery'?'? (as in Fig 6, 
right) or by microatheroma or lipohy- 
alinosis at the origin of the penetrat- 
ing branch.* 

Most patients were not systemati- 
cally evaluated to establish stroke 
mechanism. The overwhelming major- 
ity of patients had well-established 
risk factors for primary penetrating 


artery disease; hypertension was very 
common (77%) and diabetes mellitus 
was present in one third of patients. 
Five patients had both hypertension 
and diabetes, and only three patients 
(1676) had neither hypertension nor 
diabetes. Only one patient had con- 
firmed larger artery occlusive disease 
(angiographically demonstrated ca- 
rotid artery syphon stenosis) that 
could have been incidental. Only one 
patient had a documented cardioem- 
bolic source, mitral stenosis. These de- 
mographic data, and the fact that in- 
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farcts were limited to penetrating ar- 
tery territory favors the hypothesis 
that the causative mechanism was 
penetrating branch disease caused by 
mieroatheroma or  lipohyalinosis. 
Without necropsy, this hypothesis 
must remain speculative. Unfortu- 
nately, the literature contains no ex- 
amples of infarction limited to the 
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caudate nucleus and anterior limb of 
the internal capsule in which patho- 
logical data establishes the stroke 
mechanism. 

Caudate and anterior capsular in- 
farction probably represents another 
stroke syndrome usually caused by 
penetrating branch disease. The most 
common features are dysarthria and 
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Anterior Cerebral Artery Territory Infarction 
in the Lausanne Stroke Registry 


Clinical and Etiologic Patterns 


Julien Bogousslavsky, MD, Franco Regli, MD 


e We studied 27 patients with acute 
stroke and a corresponding infarct in the 
anterior cerebral artery territory, as dis- 
closed using computed tomography. Pa- 
tients were selected from 1490 patients 
(1.896) admitted consecutively to a com- 
munity-based primary care center who un- 
derwent standard investigations. An em- 
bolic phenomenon from the internal ca- 
rotid artery or from the heart explained the 
infarct in 17 patients (63%). Anterior cere- 
bral artery occlusion without a potential 
source of embolism was found only in one 
Vietnamese patient. Neurologic features 
correlated well with the topography and 
size of infarct, including hemiparesis, 
hemihypesthesia, mutism at onset, 
transcortical motor aphasia, conflictual 
tasks impairment, mood disturbances, 
and, more uncommonly, incontinence, 
grasp reflex, hemineglect, acute confu- 
sional state, and unilateral left apraxia. 
These findings suggest that the etiologic 
spectrum of anterior cerebral artery in- 
farcts is the same as that of middle cere- 
bral artery infarcts. 

(Arch Neurol. 1990;47:144-150) 


Tre topography and distribution of 

the anterior cerebral artery (ACA) 
have been studied in detail," but the 
etiologic and neurologic spectrum of 
ACA infarcts is not well known, prob- 
ably because of the rarity of these in- 
farets in comparison with middle ce- 
rebral artery (MCA) infarcts. A series 
of computed tomographic (CT) scans 
of stroke patients suggests that ACA 
infarcts correspond to 0.6% to 3% of 
acute ischemic strokes.^? Using a 
standard protocol of investigations, we 
studied the potential causes of infarct 
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and the clinical features of consecutive 
patients with acute stroke due to a 
CT-proved ACA infarct. 


PATIENTS AND METHODS 


We studied 27 patients with a first stroke 
due to an ACA territory infarct as disclosed 
on CT scanning." Patients with infarcts as- 
sociated with an anterior communicating 
aneurysm and subarachnoid hemorrhage 
were excluded from the study. The patients 
studied were selected consecutively from 
1490 patients admitted to our primary care 
center for a first stroke over 7 years who 
were coded into the prospective Lausanne 
(Switzerland) Stroke Registry. This regis- 
try has been presented in detail elsewhere’; 
all patients undergo a standard protocol of 
investigations, including CT scanning (one 
to five examinations), Doppler ultrasounds, 
electrocardiography, standard biologic 
tests, and, in selected cases, angiography 
(Seldinger technique) and further cardiac 
investigations (bidimensional echocardio- 
graphy and 24-hour electrocardiographic 
monitoring). Presumed causes of infarct 
and risk factors have been diagnosed ac- 
cording to criteria defined previously. For 
clinical-topographical correlations, we 
have reconstructed the CT data in the sag- 
ittal plane using a method previously 
reported’; this reconstruction allowed us 
to assess the involvement of the internal 
hemispheric cortex, including the supple- 
mentary motor area and underlying white 
matter. All patients were assessed neuro- 
logically by at least one staff neurologist. 
Neuropsychological examination included 
tests from a standard battery performed in 
our institution.'* 


RESULTS 


Our study included 15 men and 12 
women, with a mean age of 62 years. 
All patients were right-handed. The 
topography of the infarct in the sagit- 
tal plane is schematized in Figs 1 
through 3; 16 patients had a left-sided 
infarct, 9 had a right-sided infarct, and 
the infarct was bilateral in 2 patients 
(predominating on the left); 6 patients 
(1, 2, 17, 20, 26, and 27) had an exten- 
sive infarct; in 21 patients, the infarct 


was partial, being anterior to the cen- 
tral sulcus in 13 patients (3-5, 12-16, 19, 
and 21-24), posterior to the central 
sulcus in 2 patients (9 and 10), and in- 
termediate in 6 patients (6-8, 11, 18, 
and 25); one patient (21) had an infarct 
limited to the deep territory of the 
ACA (Heubner's artery territory!'!92), 
but all the other patients had cortical- 
subcortical infarcts. 


Risk Factors and Heart Disease 


Ten patients had hypertension, 8 
had diabetes mellitus, and 9 were cig- 
arette smokers. Two patients had vas- 
cular claudication in the lower limbs. 
One patient had angina pectoris, and 1 
patient had an acute myocardial in- 
farct 2 days before the stroke; in 4 
other patients, ischemic changes were 
present on an electrocardiograph in 
the absence of cardiac symptoms. One 
patient had congestive heart failure. 
One patient had intermittent (parox- 
ysmal) atrial fibrillation, 2 patients 
had chronic atrial fibrillation (for 3 
months in one patient and for 4 years 
in one patient), and atrial fibrillation 
was discovered on admission in a 
fourth patient. Two-dimensional 
echocardiography was done in 18 pa- 
tients and gave normal results or 
showed nonsignificant changes in 15 
patients; significant changes included 
mitral valve prolapse in 2 patients 
with a typical click and a left ventric- 
ular thrombus in the patient with an 
acute myocardial infarct; no thrombus 
was seen in all 3 patients with atrial 
fibrillation who had undergone echo- 
cardiography. 


Arterial Disease 


Ultrasound scans of the carotid 
showed internal carotid artery (ICA) 
occlusion ipsilateral to the infarct in 4 
patients (including 1 patient with ca- 
rotid dissection on angiography) and 
50% or greater ICA stenosis in 6 pa- 
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Fig 1.—Case 16. Topography of left anterior cerebral artery infarcts. Sagittal reconstruction. 


tients (50% stenosis in 1 patient, 75% 
stenosis in 4 patients, and 90% steno- 
sis in 1 patient). Nonstenosing plaques 
and less than 50% ICA stenosis were 
present in 11 patients. Eight patients 
showed less than 50% stenosis on the 
contralateral ICA. Angiography (Sel- 
dinger technique) was performed on 12 
patients, and showed an isolated oc- 
clusion of the ACA trunk (A,) in 1 
Vietnamese patient (2) and ACA 
branch occlusions in 5 patients (4 pa- 
tients [10, 13, 18, and 23] had a cardiac 
or an arterial source of embolism, and 
1 patient [12] had paraneoplastic 
Trousseau's syndrome with chronic 
disseminated intravascular coagula- 
tion). Angiography also provided an 
explanation why the infarct was bilat- 
eral in two instances. In the patient 
with ICA dissection, there was an in- 
tracranial extension of the dissection 
up to the distal part of the carotid si- 
phon with embolic occlusion of the op- 
posite ACA, and both ACAs originated 
from a stenosed ICA in 1 patient. 
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Fig 2.—Case 16. Topography of right anterior cerebral artery infarcts. Sagittal reconstruction. 
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Fig 3.— Case 16. Topography of bilateral anterior cerebral artery infarcts. Sagittal reconstruction. 
A indicates right; B, left. 


Presumed Causes of the Infarct 


The presumed causes of infarction 
are detailed in Table 1. Carotid ath- 
erosclerosis seemed to be responsible 
in nine patients (all had a stenosis of 
50% or greater or occlusion of the ICA, 
and half of the patients who had an- 
giograms showed distal embolism). 
Cardioembolism was likely in seven 
patients (two patients had mitral 
valve prolapse and distal occlusions 
shown on angiograms, one patient had 
an acute myocardial infarct and left 
ventrieular thrombus, and four pa- 
tients had atrial fibrillation, with dis- 
tal occlusions found in one of the two 
patients who had undergone angiogra- 
phy). Another cause was suspected in 
five patients (in situ occlusion of the 
ACA trunk in a Vietnamese patient 
without a carotid or cardiac source of 
embolism; paraneoplastic Trousseau's 
syndrome with chronic disseminated 
intravascular claudication due to an 
ovarian adenocarcinoma, in the ab- 
sence of endocarditis, in one patient; 
spontaneous ICA dissection in one pa- 
tient; acute alcohol intoxication in one 
patient; and lacunar infarction due to 
hypertension in an elderly woman 
with an isolated small, deep infarct in 
Heubner’s artery territory). No obvi- 
ous cause was found in six patients 
who had no eardiac source of embo- 
lisms and no (plaque) changes or non- 
significant changes on the ipsilateral 
ICA; however, atherosclerosis was the 
most likely cause, as all six patients 
were older than 50 years, four had 
known risk factors, such as hyperten- 
sion, diabetes, or cigarette smoking, 
and one had ischemic changes shown 
on an electrocardiogram. 
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Onset 


A previous transient ischemic at- 
tack (TIA) was reported by 4 patients 
(Table 2), with transient hemiparesis 
involving the leg (patients 8, 17, and 
22) or speech disturbances with hemi- 
paresis (patient 13). The interval be- 
tween TIA and stroke was 2 weeks to 6 
months. Stroke was complete immedi- 
ately or within a few minutes in 20 pa- 
tients (74% ) and progressed smoothly 
in 7 patients, over a few hours to 3 
weeks. Headaches at onset of the TIA 
were reported by 5 patients, being 
frontal in 4 patients (bilateral in 2 pa- 
tients) and occipital in 1 patient. 


Neurologic Disturbances 


Motor Weakness.—Neurologic dis- 
turbances were present in all but 1 pa- 
tient (14). In 18 patients, the hemipare- 
sis predominated in the lower limb, 
including pure monoparesis in 3 cases; 
11 of these 18 patients had facial spar- 
ing. In 7 patients, the hemiparesis was 
faciobrachiocrural, with predomi- 
nance in the upper limb in 2 cases. In 
1 patient, the hemiparesis was bra- 
chiofacial, with sparing of the lower 
limb. In these 8 patients, the faciobra- 
chiocrural or faciobrachial topogra- 
phy of motor weakness correlated with 
involvement of the anterior part of the 
ACA territory, usually with a deep ex- 
tension toward the internal capsule 
but without involvement of the pre- 
central gyrus and underlying white 
matter. Leg weakness, however, corre- 
lated with more posterior infarcts in- 
volving the precentral gyrus (Figs 1 
through 3). The hemiparesis was usu- 
ally proximal and distal in the lower 
limb but predominated proximally in 


the upper limb. One patient (11) witha 
cortical infarct had a syndrome of 
crural paresis with ipsilateral ataxia, 
which has previously been considered 
to be a lacunar syndrome." The tone in 
the paretic limbs became spastic 
within less than 10 days, and all pa- 
tients with leg weakness had a Babin- 
ski sign. Four patients (1, 2, 17, and 20) 
had hypertonia (Gegenhalten) in the 
contralateral nonparetic limbs, which 
correlated well with the size of the in- 
farct (Figs 1 through 3). 

Sensory Dysfunction.—Hemihypes- 
thesia was present in 14 patients, 
never without hemiparesis; in all of 
these patients, the sensory deficit pre- 
dominated in the lower limb, including 
9 cases with faciobrachial sparing 
(Table 2). Tactile, pain, and position 
sense were usually involved together. 
Sensory dysfunction correlated with 
infarcts involving the postcentral cor- 
tex or underlying white matter (Figs 1 
through 3). 

Gaze Disturbances.—No patient had 
gaze deviation, but the three patients 
with hemineglect had contralateral 
gaze preference. 

Incontinence.—Both patients with 
bilateral infarcts had persisting uri- 
nary incontinence, one also had fecal 
incontinence. Five (20% ) of the 25 pa- 
tients with a unilateral infarct had 
transient (<48 hours) (in 4 patients) or 
persisting (1 month) urinary inconti- 
nence (in 1 patient) (Table 2). Inconti- 
nence correlated with the size of the 
infarct but had no significant topo- 
graphic correlate. 

Grasp Reflex.—Four patients with a 
unilateral infarct and mild or no upper 
limb paresis had unilateral grasp re- 
flex in the hand contralateral to the 
infarct, and one patient with a bilat- 
eral infarct had a bilateral grasp reflex 
(Table 2). No grasp reaction (groping) 
or foot grasp reflex was observed. 
Grasp reflex in the hand correlated 
with contralateral involvement of the 
orbitofrontal cortex or underlying 
white matter (Figs 1 through 3). 


Neuropsychological Disturbances 


Unilateral Infarcts.— Twelve of the 16 
patients with a left infarct had speech 
disturbances; in 8 patients, initial mut- 
ism evolved within a few hours to 6 
weeks toward transcortical motor 
aphasia (decreased spontaneous 
speech, intact repetition and articula- 
tion, good comprehension,” or isolated 
decreased verbal fluency); in 4 pa- 
tients, transcortical motor aphasia, 
isolated decreased verbal fluency, or 
word-finding difficulty were not pre- 
ceded by mutism. No patient had com- 
prehension disturbances justifying a 
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Table 1.—Risk Factors for Arterial and Cardiac Disease* 








Patient No./ Ultrasound Scans 
Age, y/Sex Risk Factors Heart Disease of Carotid Angiography Other 
ICA Stenosis or Occlusion 
3/64/F cs TT L ICA 7596 stenosis ND 







11/81/F — L ICA 90% stenosis ND 
15/68/M CS and HT L ICA 75% stenosis 
16/71/M CS and DM Ischemic changes L ICA occlusion ND 













































































on ECG 
17/71/M CS and HT Angina pectoris R ICA occlusion ND 
18/54/F HT and DM ails R ICA 50% stenosis Occlusion of R 
pericallosal artery 
19/67/M HT and DM XT R ICA occlusion ND 
20/61/M HT and DM ischemic changes R ICA 75% stenosis ND 
on ECG 
27/51/F HT and DM Congestive heart L ICA 75% stenosis Both ACAs originate 







failure from L ICA 







Cardioembolism 





















































5/54/M -— Atrial fibrillation NSC NSC 
7/55/F CS and HT Atrial fibrillation NSC ND 
10/32/M cs Mitral valve Normal Occlusion of L 
prolapse pericallosal artery 
13/58/M iva Mitral valve Normal Occlusion of L 
prolapse posterior internal 
frontal artery 
14/75/M Jw Acute anterolateral NSC ND 
MI 



















22/68/M Atrial fibrillation NSC ND 


23/69/M cs Atrial fibrillation NSC Occlusion of R 
callosomarginal artery 






























Other Causes 
2/62/M HT and DM Ischemic changes NSC L ACA (A,) Vietnamese 











































































on ECG occlusion 
6/56/F ads oe Normal Normal Acute alcohol 
intoxication 
12/42/F s pus Normal Occlusion of L Trousseau's syndrome 
pericallosal and chronic DIC 
artery secondary to 
ovarian 
carcinoma 
21/72/F HT Mos NSC ND Presumed lacunar 
infarction in 
deep ACA 
territory 
26/42/F HT sis L ICA dissection 
with occlusion 







of distal ICA 
Undetermined Etiology 




































1/73/F sie PE NSC ND 
4/58/M cs Bene Normal Normal 
8/51/M CS and DM ahve Normal Normal 
9/85/F HT and DM Ischemic changes NSC ND 





on ECG 
24/70/F EC m NSC ND 
25/63/M HT l NSC ND 


* ICA indicates internal carotid artery; HT, hypertension; CS, cigarette smoking; DM, diabetes mellitus; ECG, electrocardiogram; NSC, nonsignificant changes; ND, not 
done; MI, myocardial infarction; DIC, disseminated intravascular coagulation; and ACA, anterior cerebral artery. 





















diagnosis of transcortical sensory or right supplementary motor area. dination but no left tactile anomia or 
mixed aphasia. These speech distur- The patient with the largest left- ^ agraphia. 
bances correlated with involvement of sided infarct (patient 2) showed right Five patients (three with a right in- 


the supplementary motor area or un- motor neglect, and the two patients — farct and two with a left infarct) had 
derlying white matter (Fig 1). The with the largest right-sided infarct mood disturbances—severe apathy 
Vietnamese patient with an extensive (patients 17 and 20) showed left spatial and abulia (Table 2)—that did not cor- 
infarct (patient 2) also showed mirror neglect (Table 2). respond to a specific topographic cor- 
writing. Two of the 9 patients with a Unilateral left apraxia was present relate. Mood disturbances were asso- 
right infarct showed initial mutism, in only one patient (10), who had a left ciated with large infarcts or with in- 
which lasted no longer than 1 day. It infarct involving the posterior part of farcts involving the supplementary 
was followed in 1 patient by decreased the ACA territory, including the cor- motor area. A disinhibition syndrome 
spontaneous speech and fluency; both pus callosum; this patient had a with euphoria and inappropriate 
of the patients had involvement of the marked impairment of bimanual coor- laughing was observed in only one pa- 
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Table 2.— Clinical Features of Anterior Cerebral Artery (ACA) Infarcts * 

































































Patient No./ Hemisensory Neuropsychological 
TIA/Onset Headache Hemiparesis Disturbance Disturbance Other 
Left ACA Infarcts 
df o7 P, bis LL>F LL Mutism (6 h) to TMA, Urinary incontinence 
10h and UL perseverations, and 
impaired conflictual tasks 
2/—/P,.6d ELF LL > F and UL Mutism (6 wk) to TMA, R motor Urinary incontinence 
and UL neglect, mirror writing, lack 
of attention, severe apathy, 
perseverations, and impaired 
conflictual tasks 
3/-/I F, UL, and Mutism (1 h), decreased R grasp reflex 
LL fluency, inadequate 
laughing, euphoria, and 
impaired conflictual tasks 
F, UL, and LL Impaired conflictual tasks Urinary incontinence 




















F and UL 
> LL 


5/-/\ 


Mutism (3 h) to TMA, 
perseverations, and 
impaired conflictual tasks 








Urinary incontinence 

















LL > UL 


LL TMA 








LL 


























LL > F and UL 





Decreased fluency 






























































































10h 







9/—/l LL » UL LL Decreased fluency, Feeling that LL was 
perseverations, and separated from the 
impaired conflictual tasks body 

Bifrontal LL » UL LL > UL L Ideomotor apraxia S 
11/—/P, 2d — LL » UL LL Perseverations R UL ataxia 
12/-/I Bioccipital LL > F and UL UL and LL Transient word-finding difficulty 
13/+/1 LL > UL Mutism (2 h) to TMA and 
dysarthria 
14/-/I Mutism (1 d) to TMA, 
perseverations, and 
impaired conflictual tasks 
15/—/1 F, UL, and Mutism (1 d) to TMA and 
LL apathy 
L frontal LL > F and UL LL » UL Mutism (2 wk) to TMA, apathy, R grasp reflex 


lack of attention, 
perseverations, and 
impaired conflictual tasks 





Right ACA Infarcts 














































































17/+/P, Bifrontal LL » F and LL L spatial hemineglect and L grasp reflex and 
3 wk UL impaired conflictual tasks urinary incontinence 
18/—/1 "M LL LL Ye 
19/—/1 R frontal F, UL, and Acute confusional state 
LL 
F, UL, and L spatial hemineglect, 
LL disorientation in time and 
place, and impaired 
conflictual tasks 
21/=/ F and UL Acute confusional state 
22/+/P, "T F and UL Mutism (1 d) to decreased 
6h >LL fluency and apathy 
LL > UL EG Mutism (1 d) to apathy L grasp reflex 





LL > UL 




















LL 


RLL > UL 


Bilateral ACA Infarcts 
Akinetic mutism (2 wk) to TMA 


and apathy, impaired conflictual 


tasks, and akinetic mutism 


Urinary incontinence 















27/-/I 


transcortical motor aphasia. 


tient, who had a left orbitofrontal in- 
farct (patient 3). Acute confusion or 
disorientation was present only in pa- 
tients with a right infarct (patients 19, 
20, and 21); these three patients all had 
involvement of the prefrontal cortex or 
underlying white matter (Fig 2). 
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Pre R LL >F and UL "n 
* TIA indicates transient ischemic attack; P, progressive; minus, absent; plus, present; |, immediately complete; F, face; UL, upper limb; LL, lower limb; and TMA, 








LL » UL Akinetic mutism 





Impaired results of Stroop's test and 
Luria's conflictual tasks??* occurred in 
eight patients (50% ) with a left infarct 
and in two patients (22% ) with a right 
infarct (Table 2). Conflictual tasks im- 
pairment was associated with involve- 
ment of the prefrontal region (Figs 1 


and 2). 

Bilateral Infarcts.— Both patients ini- 
tially had a typical picture of akinetic 
mutism, which persisted in one patient 
in association with incontinence and 
bilateral grasp reflex. In the other pa- 
tient, the mutism improved within 2 
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weeks, but the patient remained with 
transcortical motor aphasia, severe 
apathy, and perseverations. 


COMMENT 


Our findings suggest that embolism, 
either from the carotid artery or from 
the heart, may be the most common 
cause of the ACA territory infarcts in 
whites. Previous clinical studies on a 
few patients have emphasized a high 
prevalence of carotid atherosclerosis, 
extracranial in whites" and intracra- 
nialin Japanese." In an autopsy series 
of 55 patients with ACA infarcts,” the 
authors concluded that in 35 of the pa- 
tients, the infarct was secondary to 
arterial atherosclerosis, which in- 
volved primarily the ACA itself in only 
5 patients; in 10 patients, cardioembo- 
lism was the most likely cause; and 10 
patients had another cause or an un- 
determined etiology. Rodda% found a 
pattern of bilateral ICA disease with 
limited perfusion by local ACA ath- 
erosclerosis or anatomically small 
channel in 5 patients with an isolated 
ACA infarct. 

In our study, the prevalence of ipsi- 
lateral extracranial arterial athero- 
sclerosis and cardiac sources of embo- 
lism did not differ from what we found 
in patients with MCA territory 
infarcts.’ Although the vessel caliber 
and anatomic pattern may explain 
why embolization into the ACA is 
much rarer than embolization into the 
MCA,” our findings do not support 
that ACA infarcts have another etio- 
logic spectrum than the much more 
common MCA infarcts. 

In large ACA infarcts, hemiparesis 
predominating in the lower limb, sen- 
sory disturbances of similar topogra- 
phy, hand grasping or groping, in- 
creased muscle tone, urinary inconti- 
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nence, transcortical motor aphasia, 
mutism, apathy or euphoria, and, less 
commonly, a callosal disconnection 
syndrome have been emphasized. In 
bilateral ACA infarcts, the classic pic- 
ture included akinetic mutism, para- 
plegia, and incontinence or amnesia 
with apathy.“ It has been suggested 
that the language disturbances may be 
explained by a disconnection of Broca’s 
area from inputs from the left or right 
supplementary motor areas, which 
may act as a "supramotor" center for 
voluntary speech.” 

Our study provided further clinico- 
topographic data. We found that 
sphincter incontinence, hemineglect, 
prolonged mutism, and severe apathy, 
hypokinesia, and abulia were associ- 
ated with the larger infarcts but had 
no specific anatomic correlate. Other 
features, however, correlated well 
with involvement of a specific region— 
hemiparesis predominating in the 
lower limb was associated with in- 
volvement of the precentral area, he- 
misensory impairment predominating 
in the leg was associated with more 
posterior infarcts involving the post- 
central region, hand grasping corre- 
lated with contralateral orbitofrontal 
involvement, conflictual tasks impair- 
ment correlated with prefrontal in- 
volvement, and transcortical motor 
aphasia or reduced verbal fluency cor- 
related with involvement of the sup- 
plementary motor area or underlying 
white matter. 

Although the occurrence of 
transcortical mixed aphasia (transcor- 
tical motor aphasia plus impaired 
comprehension, often with echolalia) 
has been emphasized in one case with 
involvement of the supplementary 
sensory area,” we had no patient with 
transcortical mixed aphasia, even 
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@ The clinical significance of white mat- 
ter abnormalities seen in brain imaging 
studies, termed /euko-araiosis (LA), still 
remains uncertain. Leuko-araiosis has 
been associated with a global decline in 
cognitive performance, although little is 
known about the cognitive functions that 
LA may account for. We present the corre- 
lates between LA severity on magnetic 
resonance imaging and mental deteriora- 
tion in a selected sample of 41 elderly pa- 
tients with vascular risk factors. We found 
that LA was related to performance on 
tasks measuring the speed of information 
processing and, in particular, on those that 
involve complex processes. This impair- 
ment can be important in producing reduc- 
tion in daily living activities as it is in the 
support to the relationship found with 
some commonly used behavioral rating 
scales. Leuko-araiosis is also related to 
the presence of some primitive reflexes, 
suggesting that their disinhibition may be 
due to diffuse corticofugal fibers damage. 

(Arch Neurol. 1990;47:151-156) 


Wiat is the clinical significance of 

white matter abnormalities seen 
in brain imaging studies of the eld- 
erly? Computed tomography (CT) and, 
increasingly, magnetic resonance im- 
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aging (MRI) allow identification of 
patchy or diffuse areas of white matter 
abnormalities involving periventricu- 
lar regions and centra semiovale. 
Many different causes may underlie 
these white matter changes. To avoid 
pathologic or etiologic presumptions, 
Hachinski et al' suggested the term 
leuko-araiosis (LA) to denote areas of 
decreased attenuation on CT or in- 
creased intensity on MRI T,-weighted 
images. 

A strong association between the 
presence of LA and aging, hyperten- 
sion, vascular disease, and dementia 
(including Alzheimer’s disease and 
Binswanger’s disease) has been 
observed.^'5 However, a certain level of 
confusion exists concerning the clini- 
cal significance of LA. The white mat- 
ter changes commonly seen on the 
MRIs of demented patients can also be 
observed in normal elderly 
individuals.**'^'* Leuko-araiosis can- 
not account for all the neuropsycho- 
logical deficits in demented patients. 
The question is, does LA per se cause 
neuropsychological impairment? In 
previous reports, LA appeared to be 
associated with a measurable decline 
in cognitive function as measured by a 
global psychometric instrument (Ex- 
tended Scale for Dementia).'*'’ More- 
over, it has been suggested that LA in 
patients with cerebrovascular risk fac- 
tors is related to the characteristic 
features of a subcortical dementia.» 
Nevertheless, it is still controversial as 
to which specific cognitive functions 
may be impaired by LA. This study 
was designed to determine the rela- 
tionship between LA severity and spe- 


cific cognitive deficits in a selected 
sample of elderly patients, all with 
cerebrovascular risk factors, but with 
different degrees of LA. 


SUBJECTS AND METHODS 


Forty-one elderly patients with cere- 
brovascular risk factors were selected for a 
prospective neuropsychological, neurologi- 
cal, and MRI study of LA. Subjects were 
outpatients (N = 34) or hospitalized pa- 
tients (N = 7) who met the following crite- 
ria: (1) under treatment for chronic hyper- 
tension or diabetes mellitus; (2) history of 
minor stroke (transient ischemic attack, 
reversible ischemic neurologic deficit, or 
classic lacunar syndromes); (3) absence of 
cortical lesions and presence of some degree 
of white matter changes on MRI or CT per- 
formed after stroke for clinical purposes; 
and (4) exclusion of other neurologic or 
psychiatric disorders (by means of stan- 
dard methods of examination proposed by 
the National Institute of Neurological Dis- 
orders and Stroke-A lzheimer's Disease and 
Related Disorders Association Work 
Group”). 

Special emphasis was given to including 
subjects with varying degrees of white 
matter changes, but with a similar clinical 
status (ie, evident vascular risk factors, ev- 
ident repercussion on cerebral vessels, and 
absence of cortical lesions that could cause 
major neurobehavioral deficits). 

A complete clinical history was recorded 
and a neurologic examination was per- 
formed for each patient at the time of 
selection by the same neurologist. The 
mean age of the patients was 66.02 + 6.61 
years (range, 51 to 80 years). Twenty-eight 
were men and 13 were women. The mean 
level of education attained was 7.0 + 3.04 
(range, 3 to 13 years). Twenty-eight pa- 
tients had hypertension (24 were receiving 
pharmacological treatment, while4 were on 
salt-free diet). Five patients had diabetes 
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(receiving special diet). Eight patients had 
both hypertension and diabetes (all eight 
patients required pharmacological treat- 
ment). There was no statistically signifi- 
cant difference among the various cere- 
brovascular risk factor groups. Neurologic 
diagnoses revealed 10 patients with tran- 
sient ischemic attack, 8 with reversible is- 
chemic neurologic deficit, and 23 with clas- 
sic lacunar syndromes. Neurologic symp- 
toms included 18 pure motor, 3 pure 
sensory, 10 sensorimotor, and 10 others. 
Seven patients were in the acute stage of 
cerebrovascular event (less than 21 days), 8 
were in the subacute stage (21 days to 3 
months), and 26 were in the chronic stage 
(more than 3 months). Motor impairment 
that affected performance was absent in 17 
patients, was present but mild in 10 pa- 
tients, was of moderate severity in 10 pa- 
tients, and was severe in 4 patients. Mag- 
netic resonance imaging and CT were per- 
formed on 35 patients during the acute 
stage, and CT alone was performed on 6 pa- 
tients. 


All patients received an MRI scan using 
a superconducting magnet at a field 
strength of 1.5 T (General Electric scan- 
ner). Multiecho spin echo pulse sequences 
were used. T,-weighted images for the coro- 
nal and transverse planes (with a 2000-mil- 
lisecond repetition time and 40- and 90- 
millisecond echo time) and T,-weighted im- 
ages for the sagittal planes (with a 500- 
millisecond repetition time and 30-milli- 
second echo time) were obtained. The data 
acquisition matrices were 256 X 256, and 
produced 15 contiguous 5-mm-thick slices 
for each plane. Analogous slices were per- 
formed in all cases. A method for the 
systematic quantification of LA in MRI was 
developed using a modification of Rezek and 
coworkers' criteria. The following five ar- 
eas from the left and right sides were 
assessed: centra semiovale on the frontal 
region, centra semiovale on the parietal re- 
gion, white matter surrounding the frontal 
horn of the lateral ventricle, white matter 
surrounding the corpus of the lateral ven- 
tricle, and white matter surrounding the 
atrium and occipital horn of the lateral 
ventricle. This analysis included the white 
matter regions where LA is common. Each 
area was evaluated on coronal and trans- 
verse slices and the extension of white 
matter that appeared hyperintense on T,- 
weighted images was assessed. Numerical 
scores of 0 through 4 were assigned for each 
area: 0, no changes; 1, <25% hyperintense; 
2, 25% to 50% hyperintense; 3, 50% to 75% 
hyperintense; and 4, >75% hyperintense. 
AnLA score of 0 to 40 was possible for each 
patient (5 brain areas X 2 hemispheres, 
with a maximum score of 4 per area). Rat- 
ings were performed by three observers 
blinded to the clinical data. Discrepancies 
in MRI ratings between observers were re- 
solved by consensus. 


Neuropsychological Testing 


Patients were administered the Wechsler 
Adult Intelligence Scale as a measure of 
intelligence.* Verbal memory functions 
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were assessed using the immediate and 30- 
minute delayed recall conditions of the log- 
ical memory subtest of the Wechsler Mem- 
ory Seale (WMS*); and Rey’s Auditory- 
Verbal Learning Test,* in which 15 
common words were presented for five tri- 
als with reeall required after each presen- 
tation and after a 30-minute delay. To study 
short-term retention of verbal material, we 
used the distractor technique of Brown- 
Peterson.” This technique required the 
patient, on hearing three words, to count 
backward from 100 in twos for 3, 6, 12, and 
18 seconds, and then to recall the stimulus 
items. Short-term visual memory was in- 
vestigated using the multiple-choice ver- 
sion of Benton’s Visual Retention Test” and 
the visual reproduction subtest of the 
WMS. For long-term visual memory assess- 
ment, Rey’s Complex Figure” using a 2- and 
30-minute delay and a 30-minute delayed 
reproduction of the visual stimuli used in 
the visual reproduction subtest of the WMS 
were employed. To measure remote mem- 
ory, we designed a test that required pa- 
tients to identify 18 famous people (eg, pol- 
iticians, artists). 

Conceptual reasoning was evaluated us- 
ing the Wisconsin Card Sorting Test. Three 
measurements were computed using Mil- 
ner's criteria?: categories achieved, perse- 
verative errors, and total errors. Several 
tests of attention and speed were also ad- 
ministered. These included a simple reac- 
tion time test, Trail Making Test (using 
forms A and B), Finger Tapping," Mental 
Control (from the WMS), a test originally 
developed by Luria to evaluate motor 
functions,” the Sternberg Memory Scan- 
ning Paradigm,” and a modified version of 
the Stroop Test.” For the simple visual re- 
action time task, the patient was required 
to press a key whenever a visual stimulus 
appeared centrally on a television monitor. 
The Luria's Motor Test consisted of learn- 
ing and reproducing a sequence of move- 
ments (fist/edge/palm). The number of tri- 
als necessary to learn the task and the 
number of correct movement sequences 
achieved in 1 minute were recorded. On the 
Sternberg Memory Scanning Task, patients 
were shown a set of digits (the set size var- 
ied from two to five, with set size randomly 
varied on each trial) on a computer screen 
and were given 1.2 seconds per digit to read 
and to remember the set. A probe digit was 
presented 2 seconds later. Patients had to 
indicate by pressing a key whether this 
probe was a member of the previously 
shown digit set or not. Reaction time la- 
tency by digit set size was recorded. The 
Stroop Test included two parts. Part 1 con- 
sisted of 20-colored stimuli (blue, green, 
red, or yellow) presented randomly on a 
television monitor. The patient was re- 
quired to press the key of the same color 
when the stimulus appeared. Part 2 con- 
sisted of the names of the four colors, with 
each name colored in an inappropriate color 
(name, red; color, blue). The patient was re- 
quired to press the key corresponding to the 
color of the letters, but not the color name. 
This required the patient to inhibit the im- 
mediate impulse to answer according to 
verbal meaning. Two measures were ob- 


tained, that is, the number of errors and 
reaction times. The difference in reaction 
time between parts 1 and 2 was taken as an 
indication of the latency of inhibition of 
automatic processing (ie, naming). 

Language functions were assessed with 
several subtests of the Boston Diagnostic 
Aphasia Examination** Ideatory Complex 
Material, Verbal Fluency, Verbal Oral Agil- 
ity, Nonverbal Oral Agility, and Sentence 
Repetition. The Boston Naming Test was 
also included." 


Neurological Examination 


Each patient was neurologically evalu- 
ated using the following behavioral rating 
scales: the Blessed Dementia Scale,* the 
Behavioral Measurement of Disturbance,” 
the Hamilton Depression Scale, and the 
Mini-Mental State Examination." 
Pseudobulbar features and related signs 
were also assessed including dysphagia, 
urinary incontinence, emotional inconti- 
nence, abnormality of gait (eg, unsteadi- 
ness, short-stepped gait), dysphonia, dys- 
arthria, and primitive reflexes (glabellar, 
snout, jaw jerk, head retraction, and pal- 
momental). These findings were rated as 
present or absent by the same neurologist. 

Statistical Analysis 

We used a microcomputer version of the 
Statistical Package for the Social 
Sciences. Pearson’s product-moment cor- 
relation was used to determine the rela- 
tionship between each test and LA scores 
and age. To control aging effects, the linear 
effect of age was removed using partial cor- 
relations. The relationship between LA 
scores and presence or absence of neurolog- 
ical disturbances was evaluated by analysis 
of variance using age as a covariate. The 
Wilcoxon’s matched-pairs signed rank test 
was used in the topographic distribution 
study. A significance level of P < .01 was set 
for all tests. 


RESULTS 
MRI Findings 


Since no signal abnormalities in cor- 
tical regions were found and all pa- 
tients had some degree of white matter 
changes on MRI, no patients were ex- 
cluded. Leuko-araiosis scores were 
widely distributed and included all de- 
grees of severity (Figs 1 and 2). The 
mean LA score was 16.02 + 8.18, and 
ranged from 8 to 35. The correlation 
between LA scores and age was r = .45 
(P « .005). Topographic distribution of 
LA was studied as well. The white 
matter was affected in a predomi- 
nantly symmetrical fashion. The ante- 
rior (areas 1 and 3 from the left and 
right sides) and the posterior (areas 2 
and 5 from the left and right sides) re- 
gions did not differ in numerical scores 
(2 = —1.52). 


Neuropsychological Tests 


Neuropsychological test results are 
presented in Table 1. In the case of 
general intellectual functions, LA 
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Fig 1.—Distribution of leuko-araiosis scores. 


No. of Patients 








3 6 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 


Leuko - Araiosis Score 








Fig 2.—Coronal (bottom) and transverse (top) magnetic resonance imaging slices of three patients showing appearance of 
leuko-araiosis (LA) of mild (top and bottom left, LA score, 3), moderate (top and bottom center, LA score, 16), and severe 
(top and bottom right, LA score, 35) degrees. 
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Table 1.—Neuropsychological Results * 


Pearson's Coefficient Partial Coefficient 
Correlation Correlation 
———————— 
Age,y 
Intellectual 


Mean (SD) 








Functions (WAIS) 
Verbal IQ 


Performance IQ 
Block Design 
Picture Arrangement 
Object Assembly 
Full IQ 


100.32 (14.15) — —.26 
91.87 (15.94) —.42 
8.22 (3.02) =.37 
8.10 (2.76) = 38) 
8.10 (2.69) —.39 
97.40 (15.29) —.34 
Memory 


























Wechsler Memory Scale 
Visual (maximum score, 14) 





Immediate recall 8.34 (3.36) —.45 <.005 —.40 
30-minute delayed recall 5.26 (3.45) —.45  «.005 —.32 


Rey's Auditory Learning (maximum score for trial five, 15) 
First trial 4.80 (1.45) —45 «005 -—.23 


Five trial 9.44 (2.60) = 43 «005 —.31 
30-minute delayed recall 6.73 (2.79) —-41  «.005 =.30 


Brown-Peterson (% recalled) 
6-second delay 63.67 (18.18) —.42 


Remote memory (maximum score, 18) 
Famous people 10.08 (3.34) —.34 NS = 43 


Speed/ attention 
Trail-Making, s 
Form A 
Form B 


Luria's Motor Test 
No. of series 
in 1 minute 


Mental control (WMS) 
(maximum score, 9) 
Sternberg speed scanning, ms 
Two digits 
Three digits 
Four digits 
Five digits 
Stroop Test, ms 
Color 























«.005 —.29 








91.85 (57.32) .40 .34 
200.85 (101.76) 43 .46 








11.12 (4.54) —.47 -67 





4.46 (2.44) —.14 NS —.40 





1384 (739) 
1486 (653) 
1571 (674) 
1729 (658) 




















1144 (546) 
2097 (1643) 
995 (1368) 








Color / word 
Difference 
Language 
Boston Diagnostic Aphasia Examination 
Nonverbal oral agility 7.24 (2.28) —.40 
(maximum score, 12) 

Controlled fluency 16.93 (6.61) —.28 NS —.38 <.01 

"LA indicates leuko-araiosis score; WAIS, Wechsler Adult Intelligence Scale; WMS, Webster Memory Scale; 

and NS, not significant. 














«.005 —.38 «01 








Table 2.—Correlations of Behavioral Rating Scales With Age and Leuko-Araiosis (LA) * 


Partial Coefficient 
Correlation 


Pearson's Coefficient 
Correlation 

———————— 
Mean (SD) Age, y 
5.70 (3.77) .33 
3.59 (3.21) .15 
Hamilton 13.54 (6.83) .01 
Mini-Mental 25.93 (3.20) =42 


* BMD indicates Behavioral Measurement of Disturbance; NS, not significant. 








Blessed 











patient also correlated with the scores 
from three performance scale subtests 
(Block Design, Picture Arrangement, 
and Object Assembly). Similar results 
were obtained when memory functions 
were analyzed. Leuko-araiosis corre- 


score only correlated significantly with 
the Weschler Adult Intelligence Scale 
Performance scale IQ score, but when 
the linear effect of age was removed 
using partial coefficient correlation, 
this significance disappeared. Age of 
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lated with immediate visual recall on 
the WMS and remote memory until 
age was covaried. Age alone correlated 
with another six measures of memory: 
immediate and delayed visual recall 
(WMS); trial one, five, and delayed re- 
call on the Rey’s Auditory-Verbal 
Learning Test; and 6 seconds delayed 
recall on the Brown-Peterson Test. 
Memory functions measured by Logi- 
cal Memory (WMS), Rey’s Complex 
Figure, and Benton’s Visual Retention 
Test, did not reach significant correla- 
tions either for age or for LA. 

Tests involving speed and attention 
correlated more significantly with LA 
than with age. Leuko-araiosis score 
correlated with 8 of 11 tests adminis- 
tered, including form B of the Trail 
Making Test, Mental Control from the 
WMS, Graphic Seriation, Luria’s Mo- 
tor Test, Sternberg’s Paradigm, and all 
measures from the Stroop Test. Age 
was significantly correlated with 6 of 
11 tests administered, including Trail 
Making Test (parts A and B), Graphic 
Seriation, Luria’s Motor Test, and part 
I of the Stroop Test. Controlling for 
age effects, LA maintained significant 
correlations with patient performance 
on part 2 of the Stroop Test (7 = .63; 
P < .001) and the difference score of 
the Stroop Test (r 2.59; P < .001). A 
slightly weaker correlation was ob- 
tained with the Luria Motor Test 
(r = .45; P < .005). Leuko-araiosis was 
not related to performance on the sim- 
ple reaction time and finger tapping 
tasks. Only language tests related to 
motor functions or speed or both (eg, 
Nonverbal Oral Agility and Fluency) 
were significantly related to the LA 
score. When age was controlled, no 
significant correlations were found be- 
tween LA and language ability. 

No significant correlations were 
seen in any measure of the Wisconsin 
Card Sorting Test. 


Neurological Evaluation 


Two scales measuring daily living 
activities (the Blessed Dementia Scale 
and the Behavioral Measurement of 
Disturbance) and a cognitive rating 
scale (Mini-Mental State Examina- 
tion) were correlated with LA. After 
controlling for age, only the Behav- 
ioral Measurement of Disturbance re- 
mained significantly associated with 
LA (Table 2). All pseudobulbar fea- 
tures were significantly correlated 
with age. Three primitive reflexes re- 
mained correlated with LA when age 
was covaried (Table 3). 


COMMENT 


Our selected sample of patients 
showed extensive white matter 
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Table 3.—Neurological Results: Comparison of Leuko-Araiosis Score (LAS) Between 


Presence and Absence of Pseudobulbar Features and Related Signs* 


Absence, 
Mean (SD) 


P 

—Ó— 
Age, y LAS, Main 

Covariate Effect 


Presence, 
Mean (SD) 





Dysphagia 14.87 (7.18) (n = 31) 


19.60 


(10.32) 
(n — 10) 


«.005 





Urinary 14.72 (8.12) (n = 18) 


incontinency 


17.04 (8.25) (23) 


«.005 





Emotional 15.88 (8.31) (n — 


incontinency 


16.24 (8.24) (n — 17) 


«.005 





Abnormal gait 14.68 (7.42) (n 


18.92 (9.26) (n — 13) 


«.005 





Dysphonia 15.71(8.29) (n = 35) 


17.83 (7.94) (n — 6) 


«.005 








Dysarthria 15.26 (7.78) (n = 34) 


19.71 (9.69) (n — 7) 


«.005 





Primitive reflexes 


Glabellar 13.37 (6.43) (n — 27) 


21.14 (8.95) (n — 14) 


<.005 








Snout 13.68 (6.08) (n = 31) 


23.30 (9.81) (n = 10) 


<.001 





Jaw jerk 15.00 (7.54) (n = 38) 


29.00 (3.61) (n = 3) 


<.001 





Head 
retraction 


15.27 (7.46) (n = 37) 


23.00 (12.36) (n = 4) 


<.005 





15.06 (8.34) (n = 34) 
*NS indicates not significant. 


Palmomental 


changes and a wide range of LA sever- 
ity on MRI. Rao et al? carried out a 
comprehensive evaluation of cognitive 
functions in healthy subjects and 
found no association between LA and 
cognitive impairment, but their study 
was based on a small sample of sub- 
jects who had a narrow range of white 
matter lesions. We found that LA was 
related to neuropsychological perfor- 
mance, and, in particular, perfor- 
mance on tasks measuring the speed of 
information processing. Leuko- 
araiosis does not correlate with all 
measures of mental speed, but only on 
those that involve complex processes. 
For example, simple reaction time, 
finger tapping speed, and performance 
on the Trail Making Test-Form A were 
not associated with LA. In contrast, 
those tests requiring speeded up per- 
formance and involving more complex 
processing were associated with LA 
(eg, Stroop Test, Sternberg Memory 
Scanning Task, Luria's Motor Task, 
and the Mental Control subtest of the 
WMS). It is important to note that the 
latency of inhibition of automatic pro- 
cesses (eg, part 2 of the modified Stroop 
Test) showed a strong association with 
LA even when age of patient was con- 
trolled for. 

Histopathologically, the white mat- 
ter changes of LA are characterized by 
marked demyelination and moderate 
loss of axons with varying degrees of 
astrogliosis and are considered to rep- 
resent an "incomplete infarction."^ 
Our study identified the impairment 
that may be theoretically expected in a 
demyelinating process: slowness. This 
slowness of complex mental processing 
due to classic demyelinating disease 
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20.71 (5.65) (n = 7) 


«.005 





has been previously reported.* 

We found a strong association be- 
tween age and performance on several 
memory tests. Two measures of re- 
trieval were also associated with LA. 
These results agree in part with Rao 
and coworkers' findings.? It has been 
hypothesized that “slowness of 
thought" could account for processing 
of less information and that this slow- 
ness could affect encoding and re- 
trieval processes in memory.* Our re- 
sults suggest that patients with LA 
exhibit a mild retrieval impairment 
rather than an encoding deficit. 

Verbal intelligence, language, con- 
cept formation, and reasoning were 
less related to LA and aging. Thus, the 
neuropsychological performance of 
our patients appears to have some fea- 
tures of subcortical dementia. Benson* 
pointed out that slowness of mental 
processes is a common feature of pa- 
tients suffering from subcortical de- 
mentia who otherwise may have dif- 
ferent profiles of neuropsychological 
impairment. 

We obtained a strong correlation 
between LA and age. Age is an impor- 
tant factor in determining both LA oc- 
currence and decline in neuropsycho- 
logical performance.**^*? However, LA 
cannot be related only to aging, as 
there are many factors that contribute 
substantially to LA occurrence, par- 
ticularly, vascular risk factors." Af- 
ter controlling the effect of other vari- 
ables, Inzitari et al’ found that age was 
not an independent contributor to LA. 

Few studies have been published re- 
garding the role of LA in mental dete- 
rioration. Following the initial find- 
ings of Steingart et al^ whose work 


suggested a role of LA in mental func- 
tioning, two detailed neuropsychologi- 
cal studies have been published. One of 
these describes several differences in 
performance between patients and 
control subjects concluding that the 
neuropsychological pattern of the pa- 
tients was compatible with a frontal 
system deficit and subcortical 
dementia," while the second study 
found no association between LA and 
cognitive functioning.? The reasons 
for these differences may be due to the 
fact that by the investigation of Gupta 
et al,? it was difficult to discriminate 
between the role played by LA and the 
underlying central nervous system 
disease in explaining the neuropsycho- 
logical impairments. On the other 
hand, in Rao and coworkers' study,? 
only a small subgroup of the sample 
showed some degree of LA. It is possi- 
blethat the small amount of LA in Rao 
and colleagues" patients was insuffi- 
cient to produce detectable cognitive 
deficits. 

In general, our cerebrovascular risk 
patients did not present sufficient cri- 
teria for dementia, but they did 
present clinically with changes in per- 
sonality, a reduction in daily living ac- 
tivities, and selective cognitive defi- 
cits. Leuko-araiosis correlated with 
scores on all the behavioral scales, 
with the exception of the Hamilton 
scale for depression. The scale most 
associated with LA was the Behavioral 
Measurement of Disturbance that re- 
mained correlated even after age was 
controlled. We agree with the conclu- 
sion of Steingart et al,^ suggesting 
that LA may represent a marker for 
early vascular dementia. We found a 
remarkably high percentage of pa- 
tients with pseudobulbar features and 
related signs. We assessed patients for 
these symptoms and signs because 
they express bilateral corticofugal fi- 
ber damage. The presence of these 
features was not necessarily related to 
LA. Only the primitive reflexes were 
significantly associated with LA. 
These findings suggest that diffuse le- 
sions of white matter cause disinhibi- 
tion of primitive reflexes. The cause of 
the other neurologic signs may be due 
to focal bilateral lesions. Steingart et 
al'^ also noted the association of prim- 
itive reflexes with LA. They also found 
that LA was associated with abnormal 
gait. We did not replicate this finding, 
although we only assess short-stepped 
gait in our study. 

We found that LA was related to the 
presence of some primitive reflexes, 
behavioral disturbances, and a slowing 
of cognitive processes. These features 
resemble those occurring in frontal 
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lobe syndromes and would suggest 
that the loss of several subcortico- 
frontal connections may be responsi- 
ble for the frontal system deficit. Our 
patients showed exensive white matter 
changes, but they did not show major 
differences in the topographic distri- 
bution of LA. Thus, the question still 
remains unanswered of whether LA 
appearing in the frontal lobes can 
alone account for all the deficits asso- 
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ciated with LA. 

We believe that LA plays a role in 
selected neuropsychological deficits by 
means of slowing information process- 
ing. This impairment can be suffi- 
ciently severe to cause a reduction in 
daily living activities. The importance 
of documented LA in contributing to 
the cognitive deficits noted in vascular 
and other dementias should not be un- 
derestimated. In addition, further 
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Epileptic Seizures in Acute Stroke 
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@ We evaluated prospectively the inci- 
dence of early seizures in 1000 consecu- 
tive patients with stroke and transient 
ischemic attacks to determine whether 
seizure occurrence correlates with stroke 
type, pathogenesis, or outcome. Seizures 
occurred in 44 patients (4.4%; SE, 0.7%), 
including 10 (15.4%) of 65 (SE, 4.5%) with 
lobar or extensive hemorrhage, 6 (8.5%) of 
71 (SE, 3.3%) with subarachnoid hemor- 
rhage, 24 (6.5%) of 370 (SE, 1.3%) with 
cortical infarction, and 4 (3.7%) of 109 
(SE, 1.8%) with hemispheric transient is- 
chemic attacks. Lacunar infarcts and deep 
hemorrhages were not associated with 
seizures. Arteriovenous malformation was 
a common cause of lobar hemorrhage with 
early seizures, but in cortical infarcts there 
was no association between seizure oc- 
currence and pathogenesis. Seizures gen- 
erally occurred within 48 hours of stroke 
onset, were usually single, partial, and 
readily controlled. Seizures were not as- 
sociated with a higher mortality or worse 
functional outcome. 

(Arch Neurol. 1990;47:157-160) 


The occurrence of epileptic seizures 

complicating acute stroke is well 
recognized,' but the true frequency of 
this complication is not well estab- 
lished. Although a number of studies 
have addressed this question, the re- 
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ported incidence varies from series to 
series. Many of these previous studies 
were retrospective? performed prior 
to the computed tomographic (CT) 
scan era,**’ and based on small 
numbers.’ Often early and late sei- 
zures were not differentiated**'? and in 
some studies not all types of stroke 
were considered.?!''^ In addition 
there has been no large study corre- 
lating seizure occurrence in acute 
stroke with stroke outcome. 

The aims of this study were to assess 
prospectively the incidence of early 
seizures in 1000 consecutive patients 
hospitalized with stroke or transient 
ischemic attacks (TIAs) and to deter- 
mine whether seizure occurrence is 
associated with stroke type, stroke 
pathogenesis, and stroke outcome. 


PATIENTS AND METHODS 


One thousand consecutive patients with 
acute stroke or TIA seen by the Royal Mel- 
bourne Hospital Stroke Service, Victoria, 
Australia, between February 1987 and July 
1988 were included in the study. Ninety 
percent of patients had a cerebral CT scan. 
To further delineate stroke type and patho- 
genesis other investigations, including elec- 
troencephalography (EEG), magnetic reso- 
nance imaging, digital subtraction angiog- 
raphy (34%), duplex ultrasound of the 
carotid arteries, and echocardiography 
were performed where appropriate. In all 
patients, plasma urea, creatinine, and elec- 
trolyte levels, and plasma glucose were 
measured on admission. 

The incidence of early seizures (within 2 
weeks of stroke onset) in each type of stroke 
and TIA was evaluated. In addition, the re- 
lationship between seizure occurrence and 
stroke pathogenesis was assessed. 

Seizures were classified according to the 
recommendation of the International 
League Against Epilepsy. Timing of the 
seizure relative to stroke onset, number of 
seizures, and anticonvulsant treatment 
were recorded. Twenty-six patients with 


early seizures had an EEG during the acute 
stroke admission. 

To evaluate stroke severity and outcome 
of stroke, we assessed neurological deficits 
at admission and discharge and docu- 
mented the mortality rate in patients with 
seizures and compared with those without 
seizures. The stroke severity was calculated 
for each patient with a neurological index, 
which is calculated by assigning a numeri- 
cal score to each type of neurological deficit 
(conscious state level, higher cortical func- 
tion, visual system, bulbar function, motor 
function, sensory function, and coordina- 
tion), summating the scores and expressing 
the total score as a ratio of a possible max- 
imum score if all deficits were complete. 
Using this system, high scores therefore 
indieate a more severe neurological deficit. 
Patients with early seizures were followed 
up after discharge for a mean period of 7 
months (range, 2 to 16 months) to document 
the incidence of seizure recurrence. 

The size of the lesion imaged on the cere- 
bral CT scan was measured in 34 patients 
with cerebral infarction and intracerebral 
hemorrhage and early seizures. Lesion size 
was compared with a group of 100 consecu- 
tive stroke patients with cerebral infarc- 
tion and intracerebral hemorrhage without 
seizures, and a second group of 34 patients 
without seizures matched for stroke type to 
determine whether there was an associa- 
tion between seizure occurrence and size of 
the lesion. Lesions were defined as small or 
nonvisualized (<10 mm, less than five 
slices), or large (>10 mm, five slices, com- 
plete vascular territory). These estimations 
were made by one of us (B.T.) who was 
blinded to clinical and other radiological 
data. 

Statistical analyses of 2 X 2 contingency 
tables were performed using the usual x? 
test for independence, and Fisher’s Exact 
Test when the expected number in any cell 
was less than five. Continuous measures 
were compared by t tests, and for measures 
with skewed distributions, confirmed by a t 
test of the log transformed measure. Nom- 
inal P values are quoted. These must be in- 
terpreted with caution due to the multiple 
comparison nature of the analysis. 
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RESULTS 
Early Seizures and Stroke Type 


Early seizures were documented in 
44 (4.4%) of 1000 patients (SE, 0.7%), 
including 24 (6.5%) of 370 (SE, 1.3%) 
with carotid territory cortical infarc- 
tion, 10 (15.4% ) of 65 patients with su- 
pratentorial lobar or extensive (lobar 
and deep) hemorrhage (SE, 4.595), 6 
(8.5%) of 71 patients with subarach- 
noid hemorrhage (SE, 3.395), and 4 
(3.776) of 109 patients with hemi- 
spheric TIAs (SE, 1.8%) (Table 1). Of 
24 cortical infarcts with early seizures, 
23 involved the middle cerebral artery 
territory and 1 involved the anterior 
cerebral artery territory. Subcortical, 
lacunar and brain-stem infarcts and 
deep cerebral and infratentorial hem- 
orrhages were not associated with 
early seizures. 

There was an association between 
occurrence of early seizures and stroke 
type. Early seizures occurred in 34 of 
435 patients with cortical stroke, 
whereas none of the strokes without 
cortical involvement were complicated 
by early seizures (P « .001). Early sei- 
zures were more common with lobar 
hemorrhages than cortical infarcts 
(P « .02). 


Early Seizures and Stroke Pathogenesis 


Arteriovenous malformation was a 
common cause of lobar hemorrhage 
complicated by early seizures. Of 10 
patients with lobar hemorrhage and 
early seizure, 4 had a ruptured arteri- 
ovenous malformation; whereas of the 
55 patients with intracerebral hemor- 
rhage without seizures, only 2 had 


an arteriovenous X malformation 
(P « .001). 
In cortical infarction, however, 


there was no association between sei- 
zure occurrence and pathogenesis. 
There was no significant difference in 
the incidence of early seizures in corti- 
cal infarcts due to cardiac embolism 
compared with cortical infarcts due to 
extracranial large-vessel atheroscle- 


rotic disease (Table 2). 
Seizure Type and Number of Seizures 


Twenty-six of 44 patients had par- 
tial seizures, 21 simple partial motor 
seizures, and 5 secondarily generalized 
seizures. Eighteen patients had tonic- 
oclonic seizures. In 43 of 44 patients 
seizures occurred within 48 hours of 
the onset of the stroke, 26 occurring at 
or shortly after stroke onset. One pa- 
tient had a seizure 10 days after the 
Stroke onset. In the six patients with 
early seizures complicating subarach- 
noid hemorrhage, all seizures occurred 
at the onset of the hemorrhage, and all 
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Table 1.—Final Diagnosis of 1000 Patients With Stroke and Transient 
Ischemic Attack (TIA) 

















































































































All Patients, 
Diagnosis Patients With Seizures No. (%) 
Infarct 
Carotid distribution 
Cortical 24 370 (7) 
Subcortical 0 32 (0) 
Lacunar 0 81 (0) 
Retinal 0 3 (0) 
Uncertain 0 22 (0) 
Vertebrobasilar distribution 
Brain stem 0 51 (0) 
Occipital 0 13 (0) 
Cerebellar 0 12 (0) 
Uncertain 0 20 (0) 
Hemorrhage 






































































Supratentorial 
Lobar / extensive 10 65 (15) 
Deep 0 55 (0) 
Subarachnoid 6 71(8) 
First-degree intraventricular 0 4 (0) 
Infratentorial 
Cerebellar 0 6 (0) 
Brain stem 0 6 (0) 














Hemispheric 
Nonhemispheric 





4 109 (3.7) 
o 80 (0) 
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1000 
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Pathogenesis With Seizures No. (%) 
Intracranial large vessel 2 
Extracranial large vessel 5 
Cardiogenic embolism * 5 104 (5) 
Unknown adequate investigation 4 19 (21) 
Unknown inadequate investigation 8 118 (7) 
Total 24 310 





* No significant difference between proportion of patients with early seizures with infarcts due to extracranial 
large-vessel disease, and infarcts due to cardiogenic embolism. 


were tonoclonic seizures. 

Twenty-six of 44 patients had a sin- 
gle seizure, 18 had multiple seizures, 
including two patients with partial 
status and two patients with general- 
ized status epilepticus. Thirty-four of 
44 patients were treated with anticon- 
vulsant drugs during the acute admis- 
sion, all with phenytoin, and 30 were 
treated with monotherapy. In all 
cases, seizures were readily controlled 
and 21 of 34 patients were discharged 
without anticonvulsant medication. 


Precipitating Factors 


In two patients, metabolic factors 
may have precipitated the seizures. 
One patient was hyperglycemic (19 
mmol/L) and one patient was in renal 
failure (plasma urea, 55.9 mmol/L, 
plasma creatinine, 0.43 mmol/L). A 
further six patients had mild elevation 
of their plasma glucose levels (12 to 15 
mmol/L). In all patients the plasma 


sodium concentration at the time of 
the seizures was normal. 

Four of the patients with early sei- 
zures had a history of epileptic sei- 
zures. One patient had childhood epi- 
lepsy and had been free of seizures for 
30 years. One patient had seizures sec- 
ondary to alcohol abuse, one patient 
had late-onset epilepsy of unknown 
cause, and one patient had a single 
seizure associated with a previous cor- 
tical infarct. 


EEG Data 


An EEG was performed during the 
acute stroke admission in 26 of 44 pa- 
tients with seizures. In 5 patients the 
EEG was normal, 4 showed mild non- 
specific changes, 12 showed focal slow- 
ing, 2 of whom showed epileptic fea- 
tures including 1 with periodic later- 
alizing epileptic discharges, and in 5 
patients the EEG showed paroxysmal 
features. 
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Table 3.— Size of Lesion on Computed Tomographic Scan 


Patients With 
Seizures, No. (%) 


Patients Without 
(N = 34) Seizures 
Matched for 
Stroke Type,t 


Patients Without 
(N = 100) Seizures 
Unmatched for 
Stroke Type, * 








Size of Lesion (N — 34) No. (?6) No. (%) 
Small/nonvisualized, 
«10 mm, «5 slices 17 (50) 78 (78) 19 (56) 








Large, >10 mm, 5 slices, 
complete vascular territory 





17 (50) 








22 (22) 15 (44) 





* Proportion of patients with seizures with large lesions is significantly greater compared with patients without 


seizures. P < .05. 


+Proportion of patients with seizures with large lesions is not significantly different compared with patients 


without seizures. 


Lesion Size on CT Scan 


Patients with stroke and early sei- 
zures had larger lesions on the cere- 
bral CT scan compared with an un- 
matched group of stroke patients with- 
out seizures (P < .05). If the stroke 
patients without seizures were 
matched for stroke type, however, the 
proportion of patients with large le- 
sions was the same in both groups 
(Table 3). 


Seizure Occurrence and Stroke 
Outcome 


The functional outcome of stroke 
patients as assessed by a neurological 
index on admission and discharge was 
not significantly different in patients 
with seizures (22.80, SD, 22.34; and 
11.20, SD, 14.53) compared with those 
patients without seizures (21.76, SD, 
23.57; and 8.49, SD, 13.10). In addition, 
the mortality rate of patients with 
stroke and early seizures of 20% was 
not significantly different from that of 
the stroke population as a whole (17% ). 

At a mean follow-up period of 7 
months, 13 of the surviving 35 patients 
with early seizures were receiving an- 
ticonvulsant medication. Four of the 
35 patients had had recurrent seizures 
following discharge, 3 of whom were 
receiving antiepileptic drugs. 


COMMENT 


This prospective series of 1000 pa- 
tients with stroke and TIAs presents 
early seizures in 4.4% of patients. This 
figure is comparable with that re- 
ported in a recent prospective series by 
Shinton et al (5.7%) and Allen’ 
(4.2%). These authors, however, did 
not include posterior circulation in- 
farcts, infratentorial hemorrhages, or 
TIAs. 

Inour series, early seizures occurred 
only in strokes with cortical involve- 
ment, a finding reported by other 
investigators,*'*!’ but most series re- 
ported occasional seizures with deep 
lesions alone.?459/5. Seizures were oc- 
casionally seen in association with 
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hemispheric TIAs, although less fre- 
quently than in previous studies." In 
agreement with previous articles, sei- 
zures are significantly more common 
with cerebral hemorrhage than corti- 
cal infarction," but Shinton et al’ and 
Black et al? found no correlation be- 
tween seizure occurrence and stroke 
type. 

In this study, 15% of patients with 
supratentorial hemorrhages had early 
seizures. This is comparable with the 
incidence reported by Aring and 
Merritt; Black et al," Garde et al,” and 
Berger et al,’ although other smaller 
studies have reported a higher inci- 
dence of seizures with intracerebral 
hemorrhage.” 

In this study, there was a relation- 
ship between the pathogenesis of in- 
tracerebral hemorrhage and seizure 
occurrence. Intracerebral hemor- 
rhages secondary to a ruptured arteri- 
ovenous malformation were fre- 
quently associated with early seizures. 
Berger et al‘ in a study of 112 patients 
with intracerebral hemorrhage, how- 
ever, found no relationship between 
seizure occurrence and arteriovenous 
malformation. 

It has been thought that early sei- 
zures are more common with embolic 
than thrombotic infarcts,” and earlier 
studies support this relationship.‘ 
We did not find an association between 
infaret pathogenesis and seizure oc- 
currence, confirming a previous study 
by Black et al.'^ It should be noted, 
however, that as the numbers are 
small this lack of association may be 
due to a type II error. In addition, in a 
large number of patients the patho- 
genesis was unknown often due to 
therapeutically appropriate but diag- 
nostieally inadequate investigation 
(Table 2). Acute angiography was 
rarely performed in patients with 
large cerebral infarcts. In relation to 
large-vessel atherosclerosis and corti- 
cal infarction, it is often difficult to 
distinguish between atherothrombosis 
and artery-to-artery embolism, even 
when angiographic data are obtained. 


As with previous studies, most sei- 
zures were partial" and usually oc- 
curred at the onset or within 24 hours 
of the stroke onset.^^5? As described in 
a study by Hart et al,” all seizures with 
subarachnoid hemorrhage occurred at 
stroke onset. 

Previous studies have not assessed 
the relationship between seizure oc- 
currence and the outcome of all stroke 
types. In this study the mortality rate 
for patients with seizures was not sig- 
nificantly different from those without 
seizures and a similar finding was re- 
ported by Black et al and Berger et al. 
In a more recent study? the mortality 
in patients with early seizures was 
greater at 48 hours after the stroke 
onset, but the mortality rate some 
weeks later was no different for pa- 
tients with and without seizures. 

The functional outcome of patients 
with seizures was not significantly dif- 
ferent from those patients without 
seizures. Berger et al* in a study of pa- 
tients with intracerebral hemorrhage 
and early seizures also found no rela- 
tionship between seizure occurrence 
and stroke outcome. 

As a further assessment of the rela- 
tionship between functional outcome 
and early seizures, we compared the 
size of the lesion as seen on the CT scan 
in patients with seizures with nonsei- 
zure patients. When comparing with 
stroke patients unmatched for stroke 
type, patients with seizures had larger 
lesions on CT scan. When comparing 
with stroke patients matched for 
stroke type, however, there was no 
significant difference in the lesion size. 
The initial finding was a reflection of 
the fact that early seizures were not 
seen in patients with lacunar infarcts 
or small, deep hemorrhages. Berger et 
al! in a study of 112 patients with 
intracerebral hemorrhage also found 
no relationship between the size of the 
hemorrhage and the risk of early sei- 
zures. 

The risk of recurrent seizures in pa- 
tients with early seizures has not been 
established, although it has been 
thought that patients with early sei- 
zures are less likely to develop recur- 
rent seizures than patients presenting 
with late seizures.” In this study, 4 of 
35 surviving patients with early sei- 
zures had recurrent seizures during a 
mean follow-up period of 7 months. 
Shinton et al? reported no seizures in 
five patients during a follow-up period 
of 30 months, whereas Hauser et al" 
reported a high risk of recurrent sei- 
zures in patients with early seizures. 
Similarly, Gupta et al’ reported recur- 
rent seizures in 39% of patients with 
both early and late seizures. In a large 
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study by Louis and McDowell, only 2 
of 33 patients with early seizures had 
recurrent seizures, compared with 22 
of 27 patients with late seizures. 

The indication for anticonvulsant 
drugs in patients with early seizures is 
controversial. Previous studies have 
described seizures to be readily con- 
trolled, most by monotherapy.’ Others 
have suggested anticonvulsants are 
unhelpful’ and, as with our study, sei- 
zures usually resolve spontaneously. 

As indicated in the "Patients and 
Methods" section, many statistical 
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tests were applied and therefore a 
proportion of nominally significant P 
values will be anticipated by chance 
alone. Rather than quoting only highly 
significant values (eg, P<.001) we 
have instead indicated associations 
that in themselves are unlikely to be 
attributed to chance, and therefore can 
be the subject of assessment by inde- 
pendent studies. 

We found an incidence of early sei- 
zures in stroke and TIAs of 4.4%, with 
seizures occurring only in strokes with 
cortical involvement, and more com- 


References 


Beevers DG. The frequency, characteristics and 
prognosis of epileptic seizures at the onset of 
stroke. J Neurol Neurosurg Psychiatry. 1988; 
51:273-276. 

10. Black SE, Norris JW, Hachinski VC. Post- 
stroke seizures. Stroke, 1983;14:134. 

11. Cocito L, Favale E, Reni L. Epileptic sei- 
zures in cerebral arterial occlusive disease. 
Stroke. 1982;13:189-195. 

12. Hauser WA, Ramirez-Lassepas M, Rosen- 
stein R. Risk for seizures and epilepsy following 
cerebrovascular insults. Epilepsia. 1984;25:666. 

13. Faught E, Peters D. Seizures in intracere- 
bral hemorrhage. Epilepsia. 1984;25:666. 

14. Commission on Classification and Termi- 
nology of the International League Against Epi- 
lepsy. Proposal for revised clinical and electroen- 
cephalographic classification of epileptic seizures. 
Epilepsia. 1981;2:489-501. 

15. Allen CMC. Clinical diagnosis of acute 
stroke syndrome. Q J Med. 1983;52:514-523. 

16. Dodge PR, Richardson EP, Victor M. Re- 
current convulsive seizures as a sequel to cerebral 
infarction: a clinical and pathological study. 
Brain. 1954;77:610-638. 


CORRECTIONS 


monly with lobar hemorrhage than 
cortical infarction. The occurrence of 
seizures in patients with intracerebral 
hemorrhage should suggest an arteri- 
ovenous malformation as the underly- 
ing pathogenesis. Early seizures are 
not associated with higher mortality 
or with a worse functional outcome. 


This study was supported in part by the Hig- 
ginbotham Neurosciences Research Institute, 
Royal Melbourne Hospital, Parkville, Australia. 

We thank Joanne Halliwell for secretarial as- 
sistance. 


17. Mohr JP, Caplan LR, Melski JW, et al. The 
Harvard Cooperative Stroke Registry: a prospec- 
tive registry. Neurology. 1978;28:754-762. 

18. Weisberg LA. Computerized tomography 
in intracranial hemorrhage. Arch Neurol. 
1979;36:422-426. 

19. Garde A, Bóhmer G, Sélden B, Neiman J. 
100 cases of spontaneous intracerebral haemato- 
ma: diagnosis, treatment and prognosis. Eur 
Neurol. 1983;22:161-172. 

20. Kase CS, Williams JP, Wyatt DA, Mohr JP. 
Lobar intracerebral hematomas: clinical and CT 
analysis of 22 cases. Newrology. 1982;32:1146-1150. 

21. Lesser RP, Liiders H, Dinner DS, Morris 
HH. Epileptic seizures due to thrombotic and em- 
bolic cerebrovascular disease in older patients. 
Epilepsia. 1985;26:622-630. 

22. Holmes GL. The electroencephalogram as a 
predictor of seizures following cerebral infarc- 
tion. Clinic Electroencephalogr. 1980;11:83-86. 

23. Hart RG, Byer JA, Slaughter JR, Hewett 
JE, Easton JD. Occurrence and implications of 
seizures in subarachnoid hemorrhage due to rup- 
tured intracranial aneurysms. Neurosurgery. 
1981;8:417-421. 


Incorrect Word and Data.— Errors appeared in two articles on selegiline that ap- 
peared in the December issue of the ARCHIVES. In “Selegiline Use to Prevent 
Progression of Parkinson's Disease" (1989;46:1275-1279), on page 1275, in the 
first column, in line 20 of the abstract, the word alone should have been deleted 
so that the sentence reads: "Patients remained on a regimen of selegiline for pe- 


riods ranging from 7 to 84 months." In the article entitled “Selegiline as an Ad- 
junct to Conventional Levodopa Therapy in Parkinson's Disease" (1989;46:1280- 
1283), on page 1282, in the third column, line 25, the number given therein should 
have been 1.6, so that the sentence reads: "The ratio of observed to expected 
deaths is 1.6." In Table 6, on page 1282, in the fourth line under the column 
heading “Levodopa + Selegiline," the value should have read 1.6. 
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to dopaminergic stimulation 
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related to dopaminergic stimula- 
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reducing levodopa/carbidopa 
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* Does not require 
dietary restrictions at 
recommended doses 


* Selective inhibitor of MAO-B; 
free at recommended doses, 
of the "tyramine" or "cheese" 
effect 


Postulated Mechanism 
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ge 
*€,9* PHARMACEUTICALS, INC. 
DENVILLE, NJ 07834 
BRIEF SUMMARY 
CLINICAL PHARMACOLOGY: 


The mechanisms accounting for selegiline's beneficial adjunctive action in the treatment of 
Parkinson's Disease are not fully understood. Inhibition of monoamine oxidase, type B, activity 
is generally considered to be of primary importance, in addition, there is evidence that selegiline 
may act through other mechanisms to increase dopaminergic activity 


INDICATIONS AND USAGE: 

ELDEPRYL is indicated as an adjunct in the management of Parkinsonian patients being treated 
with levodopa/carbidopa who exhibit deterioration in the quality of their response to this therapy. 
There is no evidence from controlled studies that selegiline has any beneficial effect in the 
absence of concurrent levodopa therapy. 

Evidence supporting this claim was obtained in randomized controlled clinical investigations 
that compared the effects of added selegiline or placebo in patients receiving levodopa/car- 
bidopa. Selegiline was significantly superior to placebo on all three principal outcome measures 
employed: change from baseline in daily levodopa/carbidopa dose, the amount of ‘off’ time, 
and patient self-rating of treatment success. Beneficial effects were also observed on other 
measures of treatment success (e.g., measures of reduced end of dose akinesia, decreased 
tremor and sialorrhea, improved speech and dressing ability and improved overall disability as 
assessed by walking and comparison to previous state) 

CONTRAINDICATIONS: 

ELDEPRYL is contraindicated in patients with a known hypersensitivity to this drug 
WARNINGS: 

Selegiline should not be used at daily doses exceeding those recommended (10 mg/day) because 
of the risks associated with non-: fective inhibition of MAO. 

The selectivity of selegiline for MAO B may not be absolute even at the recommended 
daily dose of 10 mg a day and selectivity is further diminished with increasing daily doses. The 
precise dose at which selegiline becomes a non-selective inhibitor of all MAD is unknown, but 
may be in the range of 30 to 40 mg a day. 

Because of reports of fatal interactions, MAOIs are ordinarily contraindicated for use with 
meperidine (DEMEROL & other tradenames). This warning is often extended to other opioids 
Because the mechanism of interaction between MAOIs and meperidine is unknown, it seems 
prudent, in general, to avoid this combination 
PRECAUTIONS: 

General 

Some patients given selegiline may experience an exacerbation of levodopa associated side 
effects, presumably due to the increased amounts of dopamine reacting with super-sensitive 
post-synaptic receptors. These effects may often be mitigated by reducing the dose of levodopa/ 
carbidopa by approximately 10 to 30% 

The decision to prescribe selegiline should take into consideration that the MAO system 
of enzymes is complex and incompletely understood and there is only a limited amount of 
carefully documented clinical experience with selegiline. Consequently, the full spectrum of 
possible responses to selegiline may not have been observed in pre-marketing evaluation of 
the drug. It is advisable, therefore, to observe patients closely for atypical responses 


Information for Patients 
Patients should be advised of the possible need to reduce levodopa dosage after the initiation 
of ELDEPRYL therapy. 

Patients (or their families if the patient is incompetent) should be advised not to exceed 
the daily recommended dose of 10 mg. The risk of using higher daily doses of selegiline should 
be explained, and a brief description of the ‘cheese reaction’ provided. While hypertensive 
reactions with selegiline have not been reported, documented experience is limited. Con- 
sequently, it may be useful to inform patients (or their families) about the signs and symptoms 
associated with MAOI induced hypertensive reactions. In particular, patients should be urged 
to report, immediately, any severe headache or other atypical or unusual symptoms not previously 
experienced 


Laboratory Tests 
No specific laboratory tests are deemed essential for the management of patients on ELDEPRYL 
Periodic routine evaluation of all patients, however, is appropriate 


Drug Interactions 
No interactions attributed to the combined use of selegiline and other drugs have been reported 
However, because the database of documented clinical experience is limited, the level of 
reassurance provided by this lack of adverse reporting is uncertain. (See WARNINGS and 
PRECAUTIONS ) 


Carcinogenesis, Mutagenesis, and Impairment of Fertility 

Studies have not been performed to date to evaluate the carcinogenic potential of selegiline 
hydrochloride 

Pregnancy 

Pregnancy category C. Insufficient animal reproduction studies have been done with selegiline 
to conclude that selegiline poses no teratogenic risk. However, one rat study carried out at 
doses as much as 180 fold the recommended human dose revealed no evidence of a teratogenic 
effect. It is not known whether selegiline can cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Selegiline should be given to a pregnant woman 
only if clearly needed 


Nursing Mothers 

It is not known whether selegiline hydrochloride is excreted in human milk. Because many 
drugs are excreted in human milk, consideration should be given to discontinuing the use of 
all but absolutely essential drug treatments in nursing women 


Pediatric Use 
The effects of selegiline hydrochloride in children have not been evaluated 


ADVERSE REACTIONS: 
Introduction 
The number of patients who received selegiline in prospectively monitored pre-marketing studies 
is limited. While other sources of information about the use of selegiline are available (e.g., 
literature reports, foreign post-marketing reports, etc.) they do not provide the kind of information 
necessary to estimate the incidence of adverse events. Thus, overall incidence figures for 
adverse reactions associated with the use of selegiline cannot be provided. Many of the adverse 
reactions seen have been also reported as symptoms of dopamine excess 

Moreover, the importance and severity of various reactions reported often cannot be ascer- 
tained. One index of relative importance, however, is whether or not a reaction caused treatment 
discontinuation. In prospective pre-marketing studies, the following events led, in decreasing 
order of frequency, to discontinuation of treatment with selegiline: nausea, hallucinations, con- 
fusion, depression, loss of balance, insomnia, orthostatic hypotension, increased akinetic in- 
voluntary movements, agitation, arrhythmia, bradykinesia, chorea, delusions, hypertension, new 
or increased angina pectoris and syncope. Events reported only once as a cause of discontinu- 
ation are ankle edema, anxiety, burning lips/mouth, constipation, drowsiness/lethargy, dystonia, 
excess perspiration, increased freezing, gastrointestinal bleeding, hair loss, increased tremor, 
nervousness, weakness and weightloss 

Experience with ELDEPRYL obtained in parallel, placebo controlled, randomized studies 
provides only a limited basis for estimates of adverse reaction rates. The following reactions 
that occurred with greater frequency among the 49 patients assigned to selegiline as compared 
to the 50 patients assigned to placebo in the only parallel, placebo controlled trial performed 
in patients with Parkinson's Disease are shown in the following Table. None of these adverse 
reactions led to a discontinuation of treatment 


INCIDENCE OF TREATMENT-EMERGENT ADVERSE EXPERIENCES IN 
THE PLACEBO-CONTROLLED CLINICAL TRIAL 


Number of Patients Reporting Events 
selegiline placebo 
hydrochloride 
Adverse Event N=49 
Nausea 10 
Dizziness/Lightheaded/Fainting 
Abdominal Pain 
Confusion 
Hallucinations 
Dry mouth 
Vivid Dreams 
Dyskinesias 
Headache 
The following events were reported once in either or both groups: 
Ache, generalized 
Anxiety Tension 
Anemia 
Diarrhea 
Hair Loss 
Insomnia 
Lethargy 
Leg pain 
Low back pain 
Malaise 
Palpitations 
Urinary Retention 
Weight Loss 
In all prospectively monitored clinical investigations, enrolling approximately 920 patients, 
the following adverse events, classified by body system, were reported 


NERVOUS SYSTEM: 
Motor/Coordination/Extrapyramidal: increased tremor, chorea, loss of balance, restlessness 
blephorospasm, increased bradykinesia, facial grimace, falling down, heavy leg, muscle twitch* 
myoclonic jerks*, stiff neck, tardive dyskinesia, dystonic symptoms, dyskinesia, involuntary 
movements, freezing, festination, increased apraxia, muscle cramps. 

Mental Status/Behavioral/Psychiatric: hallucinations, dizziness, confusion, anxiety, depres- 
Sion, drowsiness, behavior/mood change, dreams/nightmares, tiredness, delusions, disorienta- 
tion, lightheadedness, impaired memory’, increased energy’, transient high’, hollow feeling 
lethargy/malaise, apathy, overstimulation, vertigo, personality change, sleep disturbance, re- 
stlessness, weakness, transient irritability. 

Pain/Altered Sensation: headache, back pain, leg pain, tinnitus, migraine, supraorbital pain, 
throat burning, generalized ache, chills, numbness of toes/fingers, taste disturbance 


AUTONOMIC NERVOUS SYSTEM: 
dry mouth, blurred vision, sexual dysfunction 


CARDIOVASCULAR: 
orthostatic hypotension, hypertension, arrhythmia, palpitations, new or increased angina pec 
toris, hypotension, tachycardia, peripheral edema, sinus bradycardia, syncope 


GASTROINTESTINAL: 
nausea/vomiting, constipation, weight loss, anorexia, poor appetite, dysphagia, diarrhea 
heartburn, rectal bleeding, bruxism” 


GENITOURINARY/GYNECOLOGIC/ENDOCRINE: 
slow urination, transient anorgasmia*, nocturia, prostatic hypertrophy, urinary hesitancy, urinary 
retention, decreased penile sensation*, urinary frequency 


SKIN AND APPENDAGES: 
increased sweating, diaphoresis, facial hair, hair loss, hematoma, rash, photosensitivity 


MISCELLANEOUS: 
asthma, diplopia, shortness of breath, speech affected 
"indicates events reported only at doses greater than 10 mg/day 


OVERDOSAGE: 
Selegiline 
No specific information is available about clinically significant overdoses with ELDEPRYL. How- 
ever, experience gained during selegilines development reveals that some individuals exposed 
to doses of 600 mg d ! selegiline suffered severe hypotension and psychomotor agitation 
Since the selective inhibition of MAO B by selegiline hydrochloride is achieved only at 
doses in the range recommended for the treatment of Parkinson's Disease (e.g., 10 mg/day), 
overdoses are likely to cause significant inhibition of both MAO A and MAO B. Consequently. 
the signs and symptoms of overdose may resemble those observed with marketed non-selective 
MAO Di jore (e.g, tranylcypromine (PARNATE), isocarboxazide (MARPLAN), and phenelzene 
(NARDIL) 


Overdose with Non-Selective MAO Inhibition 
NOTE: This section is provided for reference. it does not describe events that have actually 
been observed with selegiline in overdose 

Characteristically, signs and symptoms of non-selective MAO! overdose may not appear 
immediately Delays of up to 12 hours between ingestion of drug and the appearance of signs 
may occur. Importantly, the peak intensity of the syndrome may not be reached for upwards of 
a day following the overdose. Death has been reported following overdosage Therefore, im- 
mediate hospitalization, with continuous patient observation and monitoring for a period of at 
least two days following the ingestion of such drugs in overdose is strongly recommended 
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The clinical picture of MAOI overdose varies considerably; its severity may be a function "& 


of the amount of drug consumed The central nervous and cardiovascular systems are promi- 
nently involved 

Signs and symptoms of overdosage may include, alone or in combination, any of the 
following: drowsiness, dizziness, faintness, irritability, hyperactivity, agitation, severe headache 
hallucinations, trismus, opisthotonus, convulsions, and coma; rapid and irregular pulse, hyper- 
tension, hypotension and vascular collapse; precordial pain, respiratory depression and failure, 
hyperpyrexia, diaphoresis, and cool, clammy skin 


Treatment Suggestions for Overdose 
NOTE: Because there is no recorded experience with selegiline overdose, the following sugges- 
tions are offered based upon the assumption that selegiline overdose may be modeled by 
non-selective MAOI poisoning. In any case, up-to-date information about the treatment of over- 
dose can often be obtained from a certified Regional Poison Control Center. Telephone numbers 
of certified Poison Control Centers are listed in the Physicians Desk Reference (PDR). 

Treatment of overdose with non-selective MAOIs is symptomatic and supportive. Induction 
of emesis or gastric lavage with instillation of charcoal siurry may be helpful in early poisoning, 
provided the airway has been protected against aspiration. Signs and symptoms of central 
nervous system stimulation, including convulsions, should be treated with diazepam, given 
slowly intravenously. Phenothiazine derivatives and central nervous system stimulants should 
be avoided. Hypotension and vascular collapse should be treated with intravenous fluids and, 
if necessary, blood pressure titration with an intravenous infusion of a dilute pressor agent. It 
should be noted that adrenergic agents may produce a markedly increased pressor response 

Respiration should be supported by appropriate measures, including management of the 
airway, use of supplemental oxygen, and mechanical ventilatory assistance, as required 

Body temperature should be monitored closely. Intensive management of hyperpyrexia 
may be required. Maintenance of fluid and electrolyte balance is essential 


DOSAGE AND ADMINISTRATION: 
ELDEPRYL is intended for administration to Parkinsonian patients receiving levodopa/carbidopa 
therapy who demonstrate a deteriorating response to this treatment. The recommended regimen 
for the administration of ELDEPRYL is 10 mg per day administered as divided doses of 5 mg 
each taken at breakfast and lunch. There is no evidence that additional benefit will be obtained 
from the administration of higher doses. Moreover, higher doses should ordinarily be avoided 
because of the increased risk of side effects 

After two to three days of selegiline treatment, an attempt may be made to reduce the 
dose of levodopa/carbidopa. A reduction of 10 to 3096 was achieved with the typical participant 
in the domestic placebo controlled trials who was assigned to selegiline treatment. Further 
reductions of levodopa/carbidopa may be possible during continued selegiline therapy 


Leuko-Araiosis, Cerebral Atrophy, and 
Cerebral Perfusion in Normal Aging 


Masahiro Kobari, MD; John Stirling Meyer, MD; Makoto Ichijo, MD 


è To elucidate the role of leuko-araiosis 
observed on computed tomographic imag- 
ing among normal populations, 37 neuro- 
logically and cognitively normal volun- 
teers aged 18 to 88 years were studied. 
Local cerebral blood flow was measured 
using stable xenon-enhanced computed 
tomography. Severity of leuko-araiosis 
and cerebral atrophy were graded on com- 
puted tomographic images.  Leuko- 
araiosis was observed in 21.6% of normal 
volunteers, in 52.2% of patients with multi- 
infarct dementia(n = 23), andin 61.5% of 


. patients with dementia of the Alzheimer 


type (n — 13). When multiple regression 
analysis was applied among normal volun- 
teers, the degree of cerebral atrophy, ad- 
vancing age, and local cerebral blood flow 
reductions of subcortical white matter cor- 
related and contributed in that order of 
precedence to the presence and severity 
of leuko-araiosis. Combination of the un- 
usual vascular anatomy of periventricular 
white matter together with cerebral hy- 


-poperfusion appears to be related to the 


Y 


occurrence of leuko-araiosis observed 
among neurologically and cognitively nor- 
mal subjects. Further investigations 
should determine whether leuko-araiosis 
among this population is a risk factor for 
later cognitive impairments. 

(Arch Neurol. 1990;47:161-165) 


Hypodense white matter lesions sur- 

rounding the lateral ventricles are 
observed frequently by computed to- 
mographic (CT) imaging among aged 
normal and demented populations.'? 
They occur too frequently to be attrib- 
uted to Binswanger’s subcortical arte- 
riosclerotic encephalopathy, which is 
rare.?* The term leuko-araiosis, or 
rarefaction of white matter, was 
coined to describe these hypodense 
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periventricular white matter lesions of 
unknown cause seen by CT imaging. 
High-intensity periventricular white 
matter lesions observed on T,- 
weighted magnetic resonance imaging 
(MRI) are believed to be etiologically 
similar to leuko-araiosis observed by 
CT."* Leuko-araiosis has been re- 
ported to be associated with aging,” 
impaired cognitive performance,'* 
neurological deficits such as gait 
disturbances,** hypertension,'^*!! and 
a history of stroke." 

It has been shown among elderly 
normal and demented populations 
that the severity of leuko-araiosis de- 
tected by CT correlates with periven- 
tricular high-intensity lesions de- 
tected by MRI, advancing age, degree 
of cerebral atrophy, cognitive impair- 
ments, and global as well as local 
reductions of cerebral blood flow 
(CBF).'? Evidence was offered that dif- 
fuse cerebral ischemia together with 
the unusual anatomy of the watershed 
vascular territory supplying periven- 
tricular white matter may play a part 
in the development of leuko-araiosis."” 
However, confounding processes in- 
herent in elderly demented subjects, 
such as degenerative changes of corti- 
cal neurons in Alzheimer’s disease, 
make it difficult to evaluate direct re- 
lationships between leuko-araiosis, 
age, cerebral atrophy, cognitive im- 
pairments, and CBF reductions. Cor- 
relations were observed for each of 
these factors, but assessing their inde- 
pendent contributions to leuko-arai- 
osis was difficult. The possibility ex- 
isted that cerebral hypoperfusion ob- 
served among those with leuko- 
araiosis was secondary to aging and 
cerebral atrophy. 

Although less frequent, the patho- 
genesis and clinical relevance of leuko- 
araiosis seen among cognitively nor- 
mal populations remain to be eluci- 
dated. Leuko-araiosis could be of no 
clinical relevance, or could be a risk 
factor for the later appearance of cog- 
nitive impairments.’ Leuko-araiosis 
observed among normal populations 


offers a less complicated and less ob- 
scured opportunity to investigate its 
nature without interference by other 
confounding disease processes. 
Bearing such considerations in 
mind, this study was designed to eluci- 
date the pathogenetic characteristics 
of leuko-araiosis observed among a 
neurologically and cognitively normal 
cohort of volunteers. Local CBF 
(LCBF) and local partition coefficients 
for xenon gas, also called local lambda 
(LA) values, were measured using 
high-resolution, stable xenon-en- 
hanced CT-CBF.'^? Leuko-araiosis de- 
tected by CT was correlated directly 
with superimposed images of LCBF 
and LA values, as well as with age and 
degree of cerebral atrophy. Multivari- 
ate analysis was applied to evaluate 
the relative contributions of each of 
these variables to leuko-araiosis. 


SUBJECTS AND METHODS 


As shown in Table 1, 37 neurologically 
normal volunteers (19 men and 18 women) 
aged between 18 and 88 years (mean age, 
54.2 + 15.5 years) were admitted to this 
study. They were recruited by means of lo- 
cal magazine articles describing ongoing 
prospective studies of aging as well as from 
lectures to service groups in the commu- 
nity. All underwent the following assess- 
ments: neurological examination; neu- 
ropsychological examinations including 
the Cognitive Capacity Screening Exam- 
ination'*5 Hachinski ischemic score’; 
brain CT scanning; and clinical and labora- 
tory tests to determine the presence of risk 
factors for stroke. Cognitive Capacity 
Screening Examination scores have been 
shown to correlate well with other more 
extensive neurobehavioral and psychomet- 
ric tests.'^ Normal scores for those with 
high school or college-level education are 27 
or more of a possible 31. Score for demented 
patients is less than 25. 

Criteria for admission to our study were: 
(1) normal neurological examination; (2) 
normal cognitive function including Cogni- 
tive Capacity Screening Examination 
scores of 27 or above on serial testing up to 
the time of admission to this study; (3) ab- 
sence of history of stroke, neurological dis- 
orders, or psychiatric disorders; and (4) ex- 
clusion by CT and/or MRI of cerebral in- 
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Table 1.—Frequency of Leuko-Araiosis * 


Cases With 
No. of Cases Cerebral CCSE Leuko-Araiosis, 
(Age, y) Atrophy Scores No. (%) 
MID patients 23 (68.8 + 11.1) 1.3 + 0.9 18.8 + 6.2 12 (52.2) 
DAT patients 13 (72.2 + 6.6) 2.3 + 0.6 13.2 + 7.2 8 (61.5) 








* CCSE indicates Cognitive Capacity Screening Examination; MID, multi-infarct dementia; and DAT, dementia 


of the Alzheimer type. 


farction, mass lesion, hydrocephalus, or any 
other abnormality of the brain other than 
cerebral atrophy. 

A separate cohort of 23 patients with 
multi-infarct dementia (MID), consisting 
of 15 men and 8 women with a mean age of 
68.8 + 11.1 years, and 13 patients with de- 
mentia of the Alzheimer type (DAT), con- 
sisting of 4 men and 9 women with a mean 
age of 72.2 + 6.6 years, were selected solely 
for purposes of between-group compari- 
sons. Diagnosis of dementia was made by 
Diagnostic and Statistical Manual of Men- 
tal Disorders, ed 3, revised, criteria of the 
American Psychiatric Association.” Diag- 
nosis of DAT or “probable Alzheimer’s dis- 
ease” was made according to criteria rec- 
ommended by the National Institute of 
Neurological Disorders and Stroke-Alz- 
heimer’s Disease and Related Disorders 
Association Work Group.'* National Insti- 
tute of Neurological Disorders and Stroke- 
Alzheimer’s Disease and Related Disorders 
Association criteria require histopatho- 
logic confirmation for the diagnosis of “def- 
inite Alzheimer’s disease,” but criteria used 
for probable Alzheimer’s disease have been 
shown to be reliable at autopsy.” Diagnosis 
of MID was made according to the presence 
of risk factors for stroke, a history of 
stroke, Hachinski ischemic score of 7 or 
higher, and confirmation of cerebral in- 
farction by CT and MRI. 

Computed tomographic images were re- 
viewed and graded by two of us (M.K., M.I.) 
without knowledge of the clinical evalua- 
tion. The presence and severity of leuko- 
araiosis, defined as periventricular hypo- 
dense areas with CT numbers below those 
expected for normal white matter, were 
graded: 0, none; 1, mild; 2, moderate; and 3, 
severe." The degree of cerebral atrophy was 
also graded according to the degree of ven- 
tricular and sulcal enlargement: 0, none; 1, 
mild; 2, moderate; and 3, severe. 

Local CBF and LA values were measured 
by the stable xenon-enhanced CT-CBF 
method as reported previously. After in- 
haling 10075 oxygen gas for 2 to 4 minutes, 
two control CT images of the brain were 
obtained using a high-resolution CT scan- 
ner (Siemens DR Version H, Siemens Med- 
ical Systems Inc, Iselin, NJ). The CT images 
were made at the level of basal ganglia and 
always included frontal, temporal, and oc- 
cipital cortex as well as caudate nucleus, 
putamen, and thalamus. Twenty-six per- 
cent of xenon gas, with 60% oxygen and 
balance nitrogen was inhaled as the con- 
trast indicator using a rapid xenon gas de- 
livery system (Enhancer 3000, Diversified 
Diagnostic Products Inc, Houston, Tex). 
End-tidal partial pressures for xenon and 
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carbon dioxide were recorded on a poly- 
graph. Seven serial CT images at the same 
level were obtained at 1-minute intervals 
between the second and eighth minutes of 
inhalation of xenon gas to record time- 
related buildups of indicator in brain tissue. 
Electroencephalograms and electrocardio- 
grams were monitored throughout all 
LCBF measurements. All patients were 
asked to sign an informed consent form be- 
fore the LCBF measurements. Informed 
consent forms and protocol for the study 
have been approved annually by the Insti- 
tutional Review Board of Veterans Affairs 
Medical Center, Houston, Tex. 

Cross-sectional, color images of LCBF 
and LA values were generated by the use of 
a desktop computer (PC-9800, NEC Corp, 
Tokyo, Japan) programmed to use two con- 
trol scans, seven xenon-enhanced scans, 
and partial pressures for end-tidal xenon 
curve according to Kety’s formula.'^? Each 
voxel imaged for LCBF and LA values rep- 
resents a volume of 26.5 mm’ of brain tissue. 
By cursoring specific anatomic structures 
on the plain CT images, LCBF values from 
nine representative brain structures for 
each hemisphere (a total of 18 regions 
including frontal, temporal and occipital 
cortex, caudate nucleus, putamen, thala- 
mus, frontal and occipital white matter, 
and internal capsule) were computed auto- 
matically. Local CBF values for cortical 
gray matter (average of frontal, temporal, 
and occipital cortex), subcortical gray mat- 
ter (average of caudate nucleus, putamen, 
and thalamus), and white matter (average 
of frontal, occipital, and capsular white 
matter) were also calculated. 

Differences in age, degree of cerebral at- 
rophy, LCBF values, LA values, and fre- 
quency of risk factors were compared be- 
tween the two assigned groups of normal 
volunteers, one with and the other without 
leuko-araiosis. To estimate the relative con- 
tributions of aging, cerebral atrophy, and 
reductions of LCBF to the presence and se- 
verity of leuko-araiosis, linear multiple re- 
gression analysis was performed. The de- 
gree of leuko-araiosis was regarded as the 
dependent variable, while age, degree of 
cerebral atrophy, and LCBF values for cor- 
tical and subcortical gray matter as well as 
white matter served as five independent (or 
explanatory) variables. The algorithm used 
for computation included stepwise entry 
and removal of the independent variables 
(F entry and F removal, 2.0). A linear mul- 
tiple regression equation that gave the 
largest coefficient of determination ad- 
justed for degrees of freedom (adjusted R?) 
was sought and multiple correlation coeffi- 
cients were calculated. Standardized par- 


tial regression coefficients and partial cor- 
relation coefficients for significant vari- 
ables were also determined. 

All data were presented as means + SDs. 
Statistical analyses were performed by t 
test unless otherwise stated. 


RESULTS 


There were no changes in the elec- 
troencephalogram and electrocardio- 
gram throughout all LCBF measure- 
ments made among these normal vol- 
unteers. Figure 1 shows distributions 
for the total group of 37 neurologically 
and cognitively normal volunteers 
plotted in relation to age and degree of 
cerebral atrophy. Leuko-araiosis is 
highly associated with advancing age 
and cerebral atrophy. It is apparent 
that there are no volunteers below age 
50 years with leuko-araiosis. As shown 
in Table 1, leuko-araiosis was observed 
in 21.675 of neurologically normal vol- 
unteers, in 52.2% of patients with 
MID, and in 61.5% of patients with 
DAT. The frequency of leuko-araiosis 
observed among patients with MID 
and DAT was not significantly differ- 
ent (x? test). The DAT group included 
more severe cases of dementia than the 
MID group as shown by differences in 
Cognitive Capacity Screening Exami- 
nation scores (P < .02) and the degree 
of cerebral atrophy (P « .005). When 
the two groups of normal volunteers 
with and without leuko-araiosis were 
compared (Table 2), the group with 
leuko-araiosis was older (P « .001) and 
Showed a greater degree of cerebral 
atrophy (P « .001). The associated oc- 
currence of hypertension tended to be 
greater in the group with leuko-araio- 
Sis, but the difference was not signifi- 
cant (x? test). There were no differ- 
ences in the associated occurrence of 
other risk factors between the two 
groups. 

Figure 2 illustrates an example of a 
color-coded LCBF image at the level of 
basal ganglia recorded from a 73-year- 
old neurologically and cognitively nor- 
mal man. He has been treated for hy- 
pertension and atherosclerotic heart 
disease. His plain CT image showed 
moderate leuko-araiosis surrounding 
the frontal horns of both lateral ven- 
tricles. The LCBF map shows cerebral 
perfusion patterns with higher flow 
values in the cerebral cortex, thala- 
mus, and basal ganglia, and reduced 
flow values for white matter. The over- 
all blood flow values are somewhat re- 
duced compared with normal subjects 
of the same age without leuko-araiosis. 
Table 3 summarizes results of pooled 
LCBF and LA values for cerebral corti- 
eal and subcortical gray and white 
matter compared between normal vol- 
unteers with and without leuko-araio- 
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Table 2.—Age, Cognitive Capacity 
Screening Examination (CCSE) 
Scores, Cerebral Atrophy, and Risk 
Factors Among Normal Volunteers 
With and Without Leuko-Araiosis 


Leuko-Araiosis 
——————— 
Absent Present 
No. of cases 29 8 
Age, y (range) 49.8 + 13.6 70.0 + 11.7* 
(18-72) (56-88) 
29.3 + 1.6 288+ 1.8 
01x03 14:09" 





CCSE scores 

Cerebral atrophy 

Risk factors, % 
Hypertension 
Diabetes 

mellitus 

Heart disease 
Hyperlipidemia 
Smoking 





* P < .001 compared between the groups with and 
without leuko-araiosis. Values given are means 
+ SDs. 


sis. Overall LCBF values showed 
trends to be reduced among subjects 
with leuko-araiosis, but LCBF reduc- 
tions reached significant levels only for 
subcortical gray matter alone and cor- 
tical and subcortical gray matter com- 
bined. Local lambda values for gray 
and white matter showed no signifi- 
cant differences between groups with 
and without leuko-araiosis. 

Table 4 summarizes results of mul- 
tiple linear regression analysis. The 
coefficient of determination (R?) was 
.635, the coefficient of determination 
adjusted for degrees of freedom (ad- 
justed R?) was .601, and the multiple 
correlation coefficient was .797. Re- 
sults were statistically significant ac- 
cording to analysis of variance 
(P < .001, F test). Among the initial 
five independent (explanatory) vari- 
ables used for analysis (age of the sub- 
ject, degree of cerebral atrophy, LCBF 
for cortical gray matter, LCBF for 
subcortical gray matter, and LCBF for 
white matter), three significantly cor- 
related with the degree of leuko-arai- 
osis. These were cerebral atrophy, ad- 
vancing age, and LCBF reduction for 
subcortical white matter in that order 
of precedence. To state this another 
way, among neurologically and cogni- 
tively normal subjects, the degree of 
cerebral atrophy contributed most to 
the occurrence of leuko-araiosis fol- 
lowed by advancing age and hypoper- 
fusion of subcortical white matter. 
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Fig. 1.—Distributions for the total group of 37 neurologically and cognitively normal volunteers 
plotted in relation to age in years by decades (abscissa) and degree of cerebral atrophy (ordinate). 
Open circles (N — 29) indicate those without leuko-araiosis. Solid circles (N — 8), those with leu- 
ko-araiosis. Leuko-araiosis is highly associated with advancing age and cerebral atrophy. It is 
noteworthy that there are no subjects with leuko-araiosis below 50 years of age. 





Fig 2.—An example of a color-coded local cerebral blood flow (CBF) image at the level of basal 
ganglia recorded from a 73-year-old neurologically and cognitively normal man. The plain 
computed tomographic scan showed moderate leuko-araiosis around the frontal horns of the lat- 
eral ventricles. There are cerebral perfusion patterns with higher flow values in the cerebral cor- 
tex, thalamus, and basal ganglia, and much lower flow values for white matter. The overall blood 
flow values are somewhat reduced compared with age-matched normal subjects without leuko- 
araiosis. 
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Table 3.—Local Cerebral Blood Flow (LCBF) and Local Lambda (LA) Values Among 
Normal Volunteers With and Without Leuko-Araiosis 
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Absent Present Absent Present 
Gray matter 54.0 + 5.8 49.1+3.1* 1.02 + 0.07 1.00 + 0.06 
Cortex 52.2 + 7.3 48.4 + 5.4 1.01 + 0.09 0.99 + 0.08 
Subcortex 55.7 + 7.0 49.7 + 6.0* 1.03 + 0.07 1.01 + 0.07 
White matter 21:2 + 3:0 20:0 3E 1.1 1.48 + 0.07 1.51 + 0.04 
















*P<.05 compared between the groups with and without leuko-araiosis. Values given are means 


+ SDs. 








Table 4.—Multiple Regression Analysis for Cerebral Atrophy, Age, and 
Local Cerebral Blood Flow (LCBF) 



























Standardized 
Partial Partial Partial Statistical 
Regression Regression Correlation Significance, 
Coefficients Coefficients Coefficients F Test 
Atrophy .3504 565 .635 P < .001 
Age .0106 .333 .426 P «.05 








LCBF of white matter —.0440 





COMMENT 


In this study of an otherwise unse- 
lected cohort of neurologically and 
cognitively normal volunteers, leuko- 
araiosis was present in 21.6%. Leuko- 
araiosis was not found in normal sub- 
jects below 50 years of age. These 
results are consonant with a similar 
frequency of occurrence for leuko- 
araiosis of 16% and 19% reported 
among elderly normal subjects by two 
previous investigators?) but are 
slightly higher than the 9% and 11% 
reported by two other studies.*' 
George et al? also did not find leuko- 
araiosis among a group of 35 young 
normal subjects, with a mean age of 25 
years. These differences between 9% 
and 22% in reported frequency of oc- 
currence for leuko-araiosis among 
normal subjects may be attributed to 
cohort differences including consider- 
ations such as age, definitions of “nor- 
mality," presence or absence of associ- 
ated risk factors, and different defini- 
tions for white matter lesions. 
Although leuko-araiosis observed by 
CT imaging correlates well with 
periventricular high-intensity lesions 
detected by MRI,” the overall fre- 
quency of leuko-araiosis among nor- 
mal subjects observed by CT imaging 
is far less than the frequency of white 
matter lesions detected by MRI, which 
ranges from 8% to 92% .??! 

In our study, the frequency of oecur- 
rence of leuko-araiosis among neuro- 
logically and cognitively normal vol- 
unteers was compared with two co- 
horts of patients with MID and DAT. 
The frequency of leuko-araiosis was 
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52.2% among patients with MID and 
61.576 among those with DAT. The 
frequency of occurrence of leuko-arai- 
osis for patients with DAT in this 
study is higher than those of 30% to 
33% reported in several studies,^?*!! 
but is in agreement with a reported 
frequency of 56% by another group of 
investigators.” The frequency of leu- 
ko-araiosis for patients with MID ob- 
served in our series is far less than 
those reported by others of 90% and 
97%," but those cohorts included 
more advanced cases of MID. Never- 
theless, despite some cohort differ- 
ences, it is apparent that the incidence 
of leuko-araiosis is higher among de- 
mented populations. 

In an earlier investigation from our 
laboratory," when normal and de- 
mented patients were pooled, advanc- 
ing age, degree of cerebral atrophy, 
cognitive impairments, and reductions 
of global as well as local perfusion all 
correlated with the severity of leuko- 
araiosis, although their relative con- 
tributions were confounded by the 
complexity of disease processes 
present among demented populations. 
Multiple regression analysis among 
our cohort of normal volunteers indi- 
cates that cerebral atrophy is the most 
potent factor contributing to the pres- 
ence and severity of leuko-araiosis, 
followed by advancing age and hypo- 
perfusion of subcortical white matter. 
Results are consonant with other pub- 
lications** reporting clear relation- 
ships between aging and frequency 
and severity of leuko-araiosis. Awad et 
al? using a similar multivariable re- 


gression analysis, concluded that age 
followed by history of brain ischemia 
and hypertension were the most sig- 
nificant factors associated with the 
presence and severity of white matter 
lesions detected by MRI. Although 
progressive cerebral atrophy is normal 
after age 65 years,” it is not known 
whether cerebral atrophy is more 
marked or is different in configuration 
among normal subjects with leuko- 
araiosis. Results of this study suggest 
that leuko-araiosis is influenced more 
by the degree rather than by the topo- 
graphic pattern of brain atrophy. 

Although many clinieal**' and 
neuropathological*?* studies of peri- 
ventricular white matter lesions de- 
tected by neuroimaging suggest that 
cerebral ischemia plays an important 
role in the advent of leuko-araiosis, 
actual measurements of cerebral per- 
fusion among patients or normal vol- 
unteers with leuko-araiosis are sparse. 
The present methodology of measur- 
ing LCBF values directly on the brain 
CT image has unique and unequaled 
advantages for addressing this partic- 
ular question. Fazekas and associates? 
used the two-dimensional xenon 133 
injection method to measure mean F, 
(gray matter) and F, (white matter) 
flow in the territories of both middle 
cerebral arteries among 32 asymptom- 
atic subjects. They found that mean F, 
flow values were significantly lower, 
while mean F, flow values were slightly 
lower, among subjects with MRI white 
matter signal abnormalities when 
compared with those without white 
matter lesions. Kobari et al, using the 
xenon-enhanced CT-CBF method 
among a cohort of normal and de- 
mented patients, reported that the se- 
verity of leuko-araiosis correlated sig- 
nificantly with reduced LCBF of corti- 
cal gray matter, caudate nucleus, and 
putamen as well as of white matter in 
the internal capsule. Among those 
with moderate to severe leuko-araio- 
sis, LCBF values were reduced by 15% 
to 25% not only in frontal white mat- 
ter, where periventricular white mat- 
ter lesions are frequently found, but 
also in remote white and gray matter 
regions. In this earlier study, however, 
it could not be determined whether 
decreased cerebral perfusion corre- 
lated directly with the pathogenesis of 
leuko-araiosis. 

This study, among normal volun- 
teers, confirms that cerebral atrophy 
and advancing age are important con- 
tributing factors to the presence of 
leuko-araiosis. In addition, multiple 
regression analysis demonstrates that 
when effects of aging and cerebral at- 
rophy are accounted for, reductions of 
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LCBF in subcortical white matter are 
significantly correlated with the pres- 
ence and severity of leuko-araiosis. It 
is difficult to determine whether cere- 
bral hypoperfusion observed in our 
study is the cause or the result of leu- 
ko-araiosis. It may be that cerebral 
hypoperfusion is secondary to de- 
creased metabolic demand resulting 
from the presence of leuko-araiosis, 
although the more likely explanation 
is that leuko-araiosis results from is- 
chemia of white matter. Small reduc- 
tions of LCBF in cerebral cortex and 
basal ganglia observed among normal 
subjects with leuko-araiosis are con- 
sidered most likely to be secondary to 
interruptions of  corticosubcortical 
neuronal connections brought about 
by white matter lesions. 

Although cerebral hypoperfusion 
exists in subcortical white matter 
among subjects with leuko-araiosis, 
the degree of LCBF reductions is not of 
sufficient severity to cause frank cere- 
bral infarction. However, these LCBF 
reductions, combined with the struc- 
tural vulnerability of periventricular 
white matter, appear to account for 
the frequent occurrence of white mat- 
ter lesions in these specific sites.'° 
Periventricular white matter repre- 
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sents a watershed territory between 
the pial arteries of overlying cortex 
and penetrating arteries of white mat- 
ter, which renders the zone vulnerable 
to ischemic change.? The periventric- 
ular white matter surrounding the 
frontal horns of the lateral ventricles 
consists of a loose network of axons 
having relatively low myelin content, 
often accompanied by “ependymitis 
granularis,’ and interstitial fluid 
tends to accumulate at the dorsolat- 
eral angle of the frontal horns.? Sub- 
cortical white matter lesions detected 
by MRI show histopathologic changes 
of "état criblé,” with brain paren- 
chyma becoming shrunken away from 
ectatic blood vessels, resulting in wide 
perivascular spaces filled with cere- 
brospinal fluid.” Increased water con- 
tent in the periventricular white mat- 
ter, which is enhanced by chronic ce- 
rebral hypoperfusion, may give rise to 
typical radiolucent lesions of leuko- 
araiosis recognized by CT imaging. 
Future clinical implications of leu- 
ko-araiosis observed among these nor- 
mal volunteers are of considerable in- 
terest. Their cognitive functions were 
normal at the time of the LCBF mea- 
surements and have remained so for a 
follow-up interval of 18 months. It is 
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cognitive declines. 


This research was supported by the Depart- 
ment of Veterans Affairs, Washington, DC, and 
by a grant from Siemens Medical Systems Inc, 
Iselin, NJ. 

Barbara W. Clark processed the manuscript, 
and Joy Punzalan and Dan Morrissey provided 
technical assistance. 


fusion in alcoholic encephalopathy with and with- 
out Wernicke-Korsakoff syndrome. J Cereb Blood 
Flow Metab. 1987;7:35-44. 

21. Gerard G, Weisberg LA. MRI periventricu- 
lar lesions in adults. Neurology. 1986;36:998-1001. 

22. Aharon-Peretz J, Cummings JL, Hill MA. 
Vascular dementia and dementia of the Alzhei- 
mer type: cognition, ventricular size, and leuko- 
araiosis. Arch Neurol. 1988;45:719-721. 

23. Katzman R, Terry R. Normal aging of the 
nervous system. In: Katzman R, Terry RD, eds. 
The Neurology of Aging. Philadelphia, Pa: FA 
Davis Co Publishers; 1983:15-50. 

24. Awad IA, Johnson PC, Spetzler RF, Hodak 
JA. Incidental subcortical lesions identified on 
magnetic resonance imaging in the elderly, II: 
postmortem pathological correlations. Stroke. 
1986;17:1090-1097. 

25. Kirkpatrick JB, Hayman LA. White-matter 
lesions in MR imaging of clinically healthy brains 
of elderly subjects: possible pathologic basis. Ra- 
diology. 1987;162:509-511. 

26. Braffman BH, Zimmerman RA, Trojan- 
owski JQ, Gonatas NK, Hickey WF, Schlaepfer 
WW. Brain MR: pathologic correlation with gross 
and histopathology: hyperintense white-matter 
foci in the elderly. AJNR. 1988;9(pt 2):629-636. 

27. Fazekas F, Niederkorn K, Schmidt R, et al. 
White matter signal abnormalities in normal in- 
dividuals: correlation with carotid ultrasonogra- 
phy, cerebral blood flow measurements, and cere- 
brovascular risk factors. Stroke. 1988;19:1285- 
1288. 

28. De Reuck J. The human periventricular ar- 
terial blood supply and the anatomy of cerebral 
infarctions. Eur Neurol. 1971;5:321-334. 

29. Sze G, De Armond SJ, Brant-Zawadzki M, 
Davis RL, Norman D, Newton TH. Foci of MRI 
signal (pseudo lesions) anterior to the frontal 
horns: histologic correlations of a normal finding. 
AJR. 1986;147:331-337. 


Leuko-Araiosis—Kobari et al 165 





TRIGGERS 
MIGRAINE 





ABORTS 
MIGRAINE 


AY 
: Cafergof 


] 
lergoramine fartrare 


A key anda caffeine) Tablets/Suoposifories 


e e Highly Effective: 
Aborts migraines before they start 
Stops migraines in progress 
> 


e Reliable and Predictable 





: ‘i The choice from the start 


*MSG, a common additive in Chinese cooking, may precipitate 
migraine attacks in susceptible individuals. 


Please see following page for brief summary of prescribing information. 





SANDOZPHARMACEUTICALS C-CAF-0689-01 
orpora 


tion, E. Hanover, NJ 07936 (201) 503-7500 © 1989 Sandoz Pharmaceuticals Corporation 





16 


CAFERGOT* 


(ergotamine tartrate and caffeine) tablets, USP 
(ergotamine tartrate and caffeine) suppositories, USP 


CAFERGOT® P-B 


TABLETS AND SUPPOSITORIES 


DESCRIPTION 

CAFERGOT* — 

Tablet: 

ergotamine tartrate, USP .1mg 
caffeine, USP ........... 100 mg 








Inactive Ingredients: acacia, carnauba wax, lactose, methylparaben, povidone, propylparaben, sodium 
benzoate, sorbitol, starch, stearic acid, sucrose, synthetic black ferric oxide, synthetic red ferric oxide, 
synthetic yellow ferric oxide, talc, tartaric acid and titanium dioxide 

Suppository: 

ergotamine tartrate, USP . 

caffeine, USP 
Inactive Ingredients: tartaric acid, NF, and cocoa butter, NF. 

CAFERGOT® P-B — 

Tablet: 

ergotamine tartrate, USP .... 











pentobarbital sodium, USP ............ 000.0000 
Warning: May be habit forming. 
Inactive Ingredients: acacia, carnauba wax, color additives including D&C Yellow #10, FD&C Blue #1, 
FD&C Yellow #6 (Sunset Yellow), lactose, malic acid, mixed parabens, povidone, sodium benzoate, starch, 
stearic acid, sucrose, talc, tartaric acid and titanium dioxide 








Suppository: 

ergotamine tartrate, USP .. aro 2mg 
caffeine, USP T ET oe 100 mg 
Bellafoline* (levorotatory al ids of bellado: a 0.25 mg 
OO A AERE E E T E A ra Papa o AS A co RP 60 mg 


Warning: May be habit forming. 
Inactive Ingredients: tartaric acid, NF, malic acid, NF, and cocoa butter, NF. 


Cafergot Suppositories and Cafergot P-B Suppositories are sealed in foil to afford protection from cocoa 
butter leakage. If an unavoidable period of exposure to heat softens the suppository, it should be chilled 
in ice-cold water to solidify it before removing the foil 


ACTIONS: Ergotamine is an alpha adrenergic blocking agent with a direct stimulating effect on the smooth 
muscle of peripheral and cranial blood vessels and produces depression of central vasomotor centers. 
The compound also has the properties of serotonin antagonism. In comparison to hydrogenated ergotamine, 
the adrenergic blocking actions are less pronounced and vasoconstrictive actions are greater. 

Caffeine, also a cranial vasoconstrictor, is added to further enhance the vasoconstrictive effect without 
the necessity of increasing ergotamine dosage. 

For individuals experiencing excessive nausea and vomiting during migraine attacks the further addition 
of the anticholinergic and antiemetic alkaloids of belladonna and pentobarbital for reduction of nervous 
tension has been provided. 

Many migraine patients experience excessive nausea and vomiting during attacks, making it impossible 
for them to retain any oral medication. In such cases, therefore, the only practical means of medication 
is through the rectal route where medication may reach the cranial vessels directly, evading the splanchnic 
vasculature and the liver. 


INDICATIONS 
Cafergot 

Indicated as therapy to abort or prevent vascular headache, e.g., migraine, migraine variants, or so- 
called "histaminic cephalalgia " 
Cafergot P-B 

Indicated as therapy to abort or prevent vascular headache complicated by tension and gastrointestinal 
disturbances. 


CONTRAINDICATIONS: Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic 
or renal function, sepsis and pregnancy 
Hypersensitivity to any of the components. 


PRECAUTIONS: Although signs and symptoms of ergotism rarely develop even after long term intermittent 
use of the orally or rectally administered drugs, care should be exercised to remain within the limits of 
recommended dosage. 

Ergotism is manifested by intense arterial vasoconstriction, producing signs and symptoms of peripheral 
vascular ischemia. Ergotamine induces vasoconstriction by a direct action on vascular smooth muscle. 
In chronic intoxication with ergot derivatives, headache, intermittent claudication, muscle pains, numbness, 
coldness and pallor of the digits may occur. If the condition is allowed to progress untreated, gangrene 
can result 

While most cases of ergotism associated with ergotamine treatment result from frank overdosage, some 
cases have involved apparent hypersensitivity There are few reports of ergotism among patients taking 
doses within the recommended limits or for brief periods of time. In rare instances, patients, particularly 
those who have used the medication indiscriminately over long periods of time, may display withdrawal 
symptoms consisting of rebound headache upon discontinuation of the drug. 

There have been reports of drug abuse and psychological dependence in patients on Cafergot* (ergotamine 
tartrate and caffeine) therapy. Due to the chronicity of vascular headaches, it is imperative thal patients 
be advised not to exceed recommended dosages with long-term use to avoid ergotism. 


ADVERSE REACTIONS: Vasoconstrictive complications, at times of a serious nature, may occur. These include 

pulselessness, weakness, muscle pains and paresthesias of the extremities and precordial distress and 

pan. Although these effects occur most commonly with long-term therapy at relatively high doses, they 
ave also been reported with short-term or normal doses. Other adverse effects include transient tachycardia 

or bradycardia, nausea, vomiting, localized edema and itching. Drowsiness may occur with Cafergot® P-B. 

DOSAGE AND ADMINISTRATION 

Procedure: For the best results, dosage should start at the first sign of an attack— 


PRODROMAL PHASE| PAIN PHASE 


2 tablets at start of attack; | additional tablet 
every ^ hour. if needed for full relief 


[4 hr. |14 hr L hr 


T i 
T suppository at start of attack; second sup- 
pository after 1 hour, if needed for full relief 


A Ih 
|) 
| 


T 


Early Administration Gives Maximum Effectiveness 
























ORALLY 


-OR 





RECTALLY 


MAXIMUM ADULT DOSAGE 
Orally: Total dose for any one attack should not exceed 6 tablets 
Rectally: Two suppositories is the maximum dose for an individual attack 


Total weekly dosage should not exceed 10 tablets or 5 suppositories 
In carefully selected patients, with due consideration of maximum dosage recommendations, administration 
of the drug at bedtime may be an appropriate short-term preventive measure. 


OVERDOSAGE: The toxic effects of an acute overdosage of Cafergot (ergotamine tartrate and caffeine’ 
are due primarily to the ergotamine component. The amount of caffeine is such that its toxic effects wil 
be overshadowed by those of ergotamine. Symptoms include vomiting, numbness, tingling, pain and cyanosis 
of the extremities associated with diminished or absent peripheral pulses; M Eae or hypotension; 
drowsiness, stupor, coma, convulsions and shock. A case has been reported of reversible bilateral papillitis 
with ring scotomata in a patient who received five times the recommended daily adult dose over a period 
of 14 days. 

Treatment consists of removal of the offending drug by induction of emesis, gastric lavage, and catharsis. 
Maintenance of adequate pulmonary ventilation, correction of hypotension, and control of convulsions are 
important considerations. Treatment of peripheral vasospasm should consist of warmth, but not heat, and 
protection of the ischemic limbs. Vasodilators may be used with benefit but caution must be exercised 
to avoid aggravating an already existent hypotension, 


HOW SUPPLIED A 
Cafergot Tablets: shell pink colored, sugar coated, imprinted "CAFERGOT" on one side, " ' other 
side. Bottles of 250 and cartons of three SigPak® (dispensing unit) packages, each containing 30 tablets 


entorgot Suppositories: sealed in fuchsia-colored aluminum foil, imprinted " JS. CAFERGOT® 
SUPP! 

Cafergot P-B Tablets: bright groen. sugar coated, imprinted "78-36" on one side, " A " other side. Bottles 
of 250 and cartons of three SigPak* (dispensing unit) packages, each containing 30 tablets in individual 
blisters. P 

Cafergot P-B Suppositories: sealed in blue aluminum foil, imprinted " S , CAFERGOT P-B SUPPOSITORY 
78-35 SANDOZ". Boxes of 12. 


[CAF-Z24 MAY 15, 1987] 
* 1989 Sandoz Pharmaceuticals Corporation 


“The technological advantage of the Midas 
Rex instrumentation provided the capability 
to safely perform a complex spinal osteo- 
tomy in a simplistic, gentle manner with a 
tremendous saving of time. The ability to 
remove the entire fused spine in a safe and 
efficient manner with the S-1 dissecting 
tool and S footed attachment, would not 
have been possible with other types of 
instrumentation." — T.B., M.D. 


Midas Rex Pneumatic Tools, Inc. 
3001 Race Street ¢ Fort Worth, Texas 76111 
800-433-7080 © (Texas) 817-831-4181 


















EvoKED PoTENTIALS UPDATE! 


A concentrated one-day Review Course for the Physician 
using, or considering using, Evoked Potentials in clinical practice. 
An excellent review for candidates for the Board Examination for 
Special Competency in Evoked Potentials. 


SaruRDAY - Marcu 24, 1990 
SCOTTSDALE, ARIZONA 


Sunsurst HorEL & CONFERENCE CENTER 


Internationally known experts: 
Keith Chiappa, M.D. Walter Levy, M.D. 











Boston, MA Pittsburgh, PA 
Miles Drake, M.D. Maurice Rappaport, M.D. 
Columbus, OH San Jose, CA 
John Hughes, M.D., Ph.D. Arnold Starr, M.D. 
Chicago, IL Irvine, CA 


Topics will include: 
* Brain Stem Auditory Evoked Potentials 
* Brain Activity and Memory * Far Fields 
* Somatosensory Evoked Potentials 
* Event Related Potentials * Visual Evoked Potentials 
* Motor Evoked Potentials and Brain Mapping 
* P300 Response and Attentional State 
* The Future of Evoked Potentials 
7 hours of CME Credit Syllabus Provided 


American Board of Electroencephalography & Neurophysiology 
Examinations will be given on Sunday, March 25th. 
AMEEGA 
AMERICAN MEDICAL 
ELECTROENCEPHALOGRAPHIC ASSOCIATION 


For More Information, contact: 
AMEEGA, 850 Elm Grove Road, Elm Grove, WI 53122 
414-797-7800 





































Stereotactic Gamma Knife Radiosurgery 


Initial North American Experience in 207 Patients 


L. Dade Lunsford, MD; John Flickinger, MD; Robert J. Coffey, MD 


€ The first North American gamma knife 
for stereotactic radiosurgery of brain tu- 
mors and arteriovenous malformations en- 
tered the therapeutic armamentarium at 
the University of Pittsburgh (Pa) on August 
14, 1987. In this article, we report our ini- 
tial testing and subsequent experience 
with this technique. In the first 16 months 
of operation, 207 patients were treated 
(113 had arteriovenous malformations, 78 
had extra-axial skull base neoplasms, 9 
had glial neoplasms, and 7 had metastatic 
tumors). The patients' lesions either were 
considered previously as ‘‘inoperable”’ or 
were residual lesions after attempted sur- 
gical resection, or the radiosurgery was 
performed after the patient declined sur- 


Qitereotactic radiosurgery is closed- 

Skull destruction of a precisely de- 
fined intracranial target using ionizing 
radiation. Leksell' initiated the tech- 
nique in 1951 by combining a stereo- 
tactic delivery device with radiother- 
apy. After first using a cyclotron-gen- 
erated proton beam for radiosurgery 
in 1958, Larsson et al? designed and 
used the first gamma knife stereotactic 
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gical excision. Gamma radiosurgery was 
associated with no surgical mortality and 
no significant early morbidity, and the re- 
sults were encouraging during the mini- 
mum follow-up period of 6 months. Com- 
pared with treatment by conventional in- 
tracranial surgery (craniotomy), both the 
average length of stay and hospital 
charges for radiosurgery were signifi- 
cantly lower. Our initial experience further 
suggests that stereotactic radiosurgery 
using the gamma knife is a therapeutically 
effective and economically sound alterna- 
tive to microneurosurgical removal of se- 
lected intracranial tumors and vascular 
malformations. 
(Arch Neurol. 1990;47:169-175) 


radiosurgical unit in 1968.3 A second 
gamma unit, redesigned for destruc- 
tion of intracranial arteriovenous mal- 
formations (AVMs) or brain tumors, 
was used extensively at the Karolinska 
Institute, Stockholm, Sweden, for 
more than 12 years. Subsequently, in 
the early 1980s additional units were 
established in Buenos Aires, Argenti- 
na, and Sheffield, England.‘ 

Introduction of gamma knife radio- 
surgery into the United States was 
long delayed. We describe here our 
initial experience in 207 patients 
treated with the first gamma knife 
designated for routine clinical use in 
North America. All patients were fol- 
lowed up for a minimum of 6 months. 
We also present the techniques and 
preliminary results that confirm that 
gamma knife radiosurgery in selected 
cases is a low-morbidity alternative to 
craniotomy and microsurgical re- 
moval. 


PATIENTS AND METHODS 


The University of Pittsburgh (Pa) 
gamma knife (Fig 1) unit was installed in 
August 1987. The gamma knife suite has 
facilities for stereotactic frame application, 
imaging review, and physics, and it has a 
shielded treatment room. 

The gamma knife itself consists of a per- 
manent 18000-kg shield surrounding a 
hemispheric array of 201 sources of cobalt 
60 with an average activity of 30 Ci each. 
The central beam is fixed at an angle of 55° 
to the horizontal plane. The other beams 
are arrayed in an arc and reach a focal point 
403 mm from the sources. Four inter- 
changeable outer collimator helmets with 
beam channel diameters of 4, 8, 14, or 18mm 
are used to vary the target volume (Fig 2). 

The intracranial volumes selected for ra- 
diosurgical treatment are imaged during 
the radiosurgical procedure by cerebral an- 
giography, computed tomography, or mag- 
netic resonance imaging (MRI). To initiate 
computer radiation dosage planning, recti- 
linear (x, y, and z) coordinates of the 
target(s), estimation of the patient's head 
configuration, and a treatment angle are 
necessary. The final dose to be delivered at 
the target volume lesion is determined by 
the surgeon and radiation oncologist. Two- 
dimensional multiplanar plots of the deter- 
mined dose are integrated with, and super- 
imposed on, the intraoperative images. Our 
initial evaluation of the gamma knife has 
been described. Briefly, using a spherical, 
16-cm-diameter, uniform-density polysty- 
rene phantom head stimulator, we mea- 
sured the lesion size for each collimator 
helmet with both thermoluminescent do- 
simetry (1-mm? lithium fluoride chips) and 
film densitometry techniques. The essen- 
tially spherical nature of the dose distribu- 
tions (at isodoses greater than 5095) with 
the 4-, 8-, 14-, and 18-mm-diameter colli- 
mator helmets was confirmed, as was the 
very sharp falloff of the radiation dose. 
Measurements confirmed the findings of the 
Sheffield gamma unit* for the 4-, 8-, and 14- 
mm-diameter collimators. The dose profile 
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Fig 1.— The University of Pittsburgh (Pa) gamma knife for stereotactic 
radiosurgery. The 18 000-kg unit has 201 sources of cobalt 60 enclosed 
in a heavy iron shield. The head is fixed using an imaging compatible 


Stereotactic frame (general anesthesia is used for pediatric patients). 
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Fig 3.—Lateral dose distribution for the 18-mm-diameter 201-beam channel gamma unit helmet. 
The individual points represent film densitometry and thermoluminescence dosimetry (TLD) with 
1-mm? lithium fluoride chips. For comparison, the solid line is the vertical dose distribution for mul- 
tiple arcs with a 6-mV linear accelerator (LA) using a 20-mm field, as described by Lutz et al.® 


for the 18-mm-diameter collimator (Fig 3) 
appears similar to the best published dose 
profiles for 2-cm fields treated with multi- 
ple ares using a linear accelerator.* 
Output, linearity of output, and timer er- 
ror are checked monthly using lithium flu- 
oride thermoluminescent dosimetry and 
periodically verified with an electrometer 
(Capintec). For the last 10 months, the cal- 
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culated output and the expected output 
have differed by a mean of 0.59% + 0.12%. 


Gamma Knife Technique 


Patients first underwent application of a 
stereotactic coordinate head frame. High- 
resolution computed tomography, MRI, or 
cerebral angiography was performed to lo- 
calize the target. The appropriate isodose 





Fig 2.—Interchangeable 225-kg collimator helmets with 201 apertures 
(18, 14, 8, or 4 mm in diameter) are used to tailor the lesion size. The 
helmets are moved via a hydraulic unit. 


configuration, total dosage, and treatment 
time were computer calculated. For irradi- 
ation, the patient's head with the stereo- 
tactic frame attached was placed within the 
appropriate collimator helmet at the cho- 
sen target coordinates. 

The initial dose rate when we first began 
to use the gamma knife (August 14, 1987) 
was 398 cGy per minute. Depending on the 
collimator size and lesion location, a single 
exposure treatment (eg, a 5000-cGy maxi- 
mal target dose and 2500 cGy to the 50% 
isodose) took approximately 15 minutes. 
Single-session treatments were calculated 
to provide a total dose of 1500 to 2500 cGy 
to the margins of the tumor or AVM. The 
selection of dose is complex and is related to 
lesion type, location, and size; prior ther- 
apy; number of isocenters; and isodose that 
best corresponds to the lesion. Radiophys- 
ies planning was considered optimal if the 
margin of the lesion was at least the 5095 
isodose; 98% of the patients had such treat- 
ment. Maximal dose to the center of any le- 
sion never exceeded 50 Gy. 

Total procedure time varied from 2 to 5 
hours, depending on the complexity of the 
dose planning and the number of gamma 
knife isocenters ("shots") required. In each 
patient, radiosurgical treatment was de- 
signed to cover the margins of the lesion 
with one or more shots. The configuration of 
the final isodose was modified for the indi- 
vidual patient by using various collimator 
helmets, by selective blocking of various 
beam channels, and by using multiple iso- 
centers of irradiation having different x, y, 
and z stereotactic coordinates (Table 1). 
The availability of the 18-mm-diameter 
collimator (for delivering single or multiple 
shots) greatly increased the number of pa- 
tients that could be treated. 


Patient Experience 


Between August 14, 1987, and January 1, 
1989, 207 patients were treated with our 
gamma knife (Table 2). Their ages ranged 
between 2 and 84 years. Local anesthesia 
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Table 1.—Number of Gamma Knife Isocenters 
Required for Treatment in the First 100 Patients 


No. of 
Diagnosis Patients 


Arteriovenous malformation 





Collimator Size, mm* 
pees Aad ; Wed Ee NUS 
8 











Acoustic 





Meningioma 
Pituitary tumor 








Craniopharyngioma 





Glial tumor 





Malignant tumor 





* Diameter of each of the 201 collimator channels. 
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0 
0 
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12 mo 


Fig 4.—Anteroposterior (left) and lateral vertebral subtraction (right) angiograms define a cere- 
bellar hemisphere arteriovenous malformation before (top) and 12 months after (bottom) gamma 
knife radiosurgery. The arteriovenous malformation is obliterated with preservation of the 


surrounding vasculature. 


supplemented by intravenous sedation was 
used in all adult patients. Children younger 
than 13 years underwent gamma knife ra- 
diosurgery under general endotracheal an- 
esthesia. 

Patients were selected for radiosurgery 
for several reasons: (1) the patient had an 
AVM or an intracranial tumor considered 
unresectable by conventional neurosurgical 
techniques; (2) the patient was elderly or 
had a significant associated medical condi- 
tion posing excessive surgical risks; (3) de- 
spite prior surgical or endovascular embo- 
lization techniques, residual or recurrent 
tumor or AVM remained; and (4) direct 
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surgical removal was recommended but 
was refused by the patient, who requested 
radiosurgery instead. 


AVMs 


Of the 113 patients (53% female, 47% 
male) with AVMs, 56 (50% ) had persistent 
neurologic deficits, usually related to prior 
hemorrhages. Feeder vessels previously 
had been embolized in 26 (23% ) of patients 
in an attempt to reduce their AVMs to a size 
suitable for radiosurgery. To date, 1-year 
follow-up angiography is available in only 
12 patients who underwent AVM radiosur- 
gery. Complete obliteration was seen in 5, 


Gamma Knife Radiosurgery —Lunsford et al 


Table 2.— Stereotactic Gamma 
Radiosurgery for Intracranial Tumors 
and Arteriovenous Malformations: 
University of Pittsburgh (Pa) 
Experience August 1987 Through 
December 1988 


113 (54.6) 
39 (18.8) 
22 (10.6) 
11 (5.3) 

9 (4.3) 


Arteriovenous malformation 
Acoustic neurinoma 


Meningioma 

Pituitary adenoma 

Glial tumor 
Anaplastic astrocytoma 
Glioblastoma 
Ependymoma 
Astrocytoma 1 


7 (3.4) 
3 (1.5) 
2 (1.0) 
1 (0.5) 

207 (100) 


Metastatic tumor 
Craniopharyngioma 
Chondrosarcoma 
Chordoma 

Total 





partial obliteration (residual abnormal ves- 
sel seen) in 4, and no change in 3. In AVMs 
smaller than 25 mm in greatest diameter, 
obliteration was seen in five of nine patients 
by 1 year (Fig 4). The results of the treat- 
ment of larger AVMs (the largest maximal 
AVM diameter treated was 54 mm) require - 
longer follow-up. Magnetic resonance im- 
aging is used at 6-month intervals to eval- 
uate the response to therapy (Fig 5). An- 
giography is performed when the MRI sug- 
gests that complete obliteration has 
occurred. Angiography is the only conclu- 
sive way to confirm obliteration. Magnetic 
resonance imaging can also assess the ef- 
fect of the treatment on the surrounding 
brain and is valuable in the definition of 
possible delayed radiation injury (Fig 6). 


Acoustic Neurinomas 


Thirty-nine patients (age range, 16 to 83 
years) had acoustic neurinomas. Nine pa- 
tients had undergone one or more prior 
surgical attempts at removal. Although 
some patients were suitable candidates for 
surgical removal, they requested radiosur- 
gical treatment instead, hoping to avoid 
craniotomy and to preserve hearing. Eleven 
patients had bilateral acoustic neurinomas 
in association with neurofibromatosis. Only 
the side with the greatest hearing loss was 
treated at one treatment session. One pa- 
tient underwent treatment of both tumor 
sides, staged 1 year apart. Twenty-six pa- 
tients have had follow-up from 6 to 19 
months (median, 13 months). Serial post- 
operative imaging studies showed a de- 
crease in the size in 11 patients and no fur- 
ther growth in 15. Loss of central contrast 
enhancement was a characteristic imaging 
change (Fig 7). Of seven patients with good 
or serviceable hearing before radiosurgery, 
by 1 year afterward, three had preserved 
hearing, one had reduced hearing, and three 
were deaf. Delayed facial paresis (six pa- 
tients) and trigeminal sensory loss (seven 
patients) tended to improve within 3 to 6 
months of onset. 
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Fig 5.—Coronal T,-weighted magnetic resonance images before (A), 9 months after (B), and 18 months after (C) radio- 
surgery of a right frontal arteriovenous malformation. The magnetic resonance images suggested obliteration by 18 months 
after radiosurgery; angiography confirmed this. 





Fig 6.— Axial T,-weighted magnetic resonance images before (A) and 12 months after (B) radiosurgery of the cerebellar 
arteriovenous malformation shown in Fig 4. Gadolinium-enhanced T,-weighted image (C) defined an area of enhancement 
at the target volume. By 18 months after treatment this had resolved, as demonstrated by subsequent magnetic resonance 
imaging. The patient had a transient (3-month) increase in right limb ataxia but continued to work full time. 


Other Neoplasms 


Twenty-two patients with skull base 
meningiomas were treated; 18 of these pa- 
tients had undergone previous operations 
(including 1 patient who had undergone 
four prior resections). No patient has had 
subsequent tumor growth within the obser- 
vation period (Fig 8). In 1987, we began a 
phase 1 trial of treatment of patients with 
solitary metastatic cancers as defined by 
gadolinium-enhanced MRI of the brain. All 
patients received 30-Gy whole-brain frac- 
tionated radiation (12 fractions) (Fig 9). 
Nine patients had biopsy-proved small glial 
tumors where radiosurgery provided a 
“boost” to conventional external beam ra- 
diation therapy; of these one had an astro- 
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cytoma, three had glioblastomas, three had 
anaplastic astrocytomas, and two had 
ependymomas. Nine of 11 patients with pi- 
tuitary tumors had surgical removal at- 
tempted by transsphenoidal or transcra- 
nial routes. Three patients had craniopha- 
ryngiomas, and all had undergone prior 
surgery and fractionated radiation therapy 
and constituted treatment failures of these 
modalities. The results of treatment of ma- 
lignant tumors require a longer experience. 
The target tumor has regressed in all cases, 
but survival is related to the progression of 
disease outside the treated tumor volume. 


Complications 


We had no patient mortality. Sixteen 
percent of patients required mild analge- 


sics to control postoperative headaches and 
antiemeties to alleviate nausea and/or 
vomiting. All but five patients were dis- 
charged from the hospital within 24 hours 
after radiosurgery. Five patients with sub- 
cortical AVMs had a focal or generalized 
seizure in the first 24 postoperative hours; 
only one received a subtherapeutic dose of 
anticonvulsant medication. The seizures re- 
solved after additional anticonvulsants 
were administered. To reduce this periop- 
erativeriskin patients with lobar tumors or 
AVMs, we now routinely administer intra- 
venous methylpredisolone (40 mg) and phe- 
nobarbital (90 mg) immediately after the 
radiosurgical dose is delivered. In one pa- 
tient, significant orbital pain developed af- 
ter treatment of a recurrent cavernous 
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Fig 7.—Intraoperative stereotactic computed tomographic image of an acoustic tumor (left), the isodose plots (center) 
at the target (x, y plane), and a postoperative (3-month) scan (right) are shown. A 14-mm extracanalicular shot and an 
8-mm intracanalicular shot were combined to create a dose plan designed to treat the intracanalicular and extracana- 
licular tumor margins (2000 cGy at the 7096 isodose). At 3-month follow-up, reduced iodinated contrast uptake by the tu- 
mor is seen; the size is unchanged. 


sinus and intraorbital meningioma. Her 
pain gradually improved with methylpred- 
nisolone sodium succinate (Solu-Medrol) 
therapy, but she was hospitalized for a to- 
tal of 4 days. 


COMMENT 


The precision and efficacy with 
which gamma radiosurgery can be per- 
formed were defined in our first 207 
patients. The use of a specially de- 
signed stereotactic head frame, ad- 
vanced imaging tools, and a high-speed 
computer located at the treatment site 
was very advantageous. The integra- 
tion of a powerful multiplanar isodose 
planning system with the stereotactic 
images was essential for system effi- 
ciency. If only one "shot" was required 
to treat a tumor or AVM, total com- 
puter time was often less than 10 min- 
utes. Because of the need to confirm 
adequate radiation coverage of the tu- 
mor and sufficient sparing of sur- 
rounding critical vascular or cerebral 
structures, multishot plans (used to 
treat lesions with irregular borders) 
occasionally took 1 to 1% hours. 

Our initial experience confirmed the 
previously reported safety of the pro- 
cedure and the lack of significant im- 
mediate morbidity." Long-term re- 
sults require further evaluation in ac- 
cordance with defined postoperative 
follow-up studies. Our patients were 
treated with protocols designed to as- 
sess the clinical and morphological ef- 
fects of radiosurgery and to ascertain 
the risk over time of delayed radiation 
injury to adjacent structures. For ex- 
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ample, serial audiologic and brain- 
stem-evoked response testing were 
performed in all patients undergoing 
acoustic neurinoma radiosurgery in an 
attempt to determine the risk and rate 
of hearing loss after treatment. To 
date, our experience suggests that pa- 
tients with excellent preoperative 
hearing have the greatest chance of 
long-term hearing preservation. Be- 
cause many patients live far from 
Pittsburgh, referring physicians were 
requested to obtain the appropriate 
imaging and neurodiagnostic studies 
at prescribed intervals and to forward 
the results to us. 

Published results of the treatment 
of intracranial AVMs in Europe by 
gamma unit stereotactic surgery are 
unparalleled. As of December 1987, 
Steiner*? had treated 900 patients with 
intracranial AVMs, with no surgical 
mortality; less than 3% had developed 
neurologic deficits related to rebleed- 
ing or radiation injury. Angiograms 
revealed AVM obliteration in 37% to 
50% of these patients at 1 year after 
treatment, in 80% to 87% at 2 years,’ 
and in up to 95% at 3 years (L. Stein- 
er, MD, oral communication, April 
1988). Only 1% of patients failed to 
show complete or significant reduction 
in the size at 2 years. Whether the re- 
sults of treatment of larger AVMs 
(now possible with newer generation 
gamma units) will equal the results 
that Steiner reports for smaller AVMs 
remains to be determined. 

Charged particle beams (helium 
ions) have been used to treat AVMs at 
the Berkeley (Calif) cyclotron unit. 


Early articles reported angiographic 
obliteration in a minority of patients,'^ 
although with extended follow-up, the 
obliteration rate may be as high as 
80% to 90% (J. I. Fabrikant, MD, oral 
communication, May 1989). The inci- 
dence of delayed radiation changes 
identified by imaging studies and in 
some cases associated with new neu- 
rologic deficits may be as high as 18% 
(19 of 105 patients described by G. 
Steinberg et al at the American Asso- 
ciation of Neurological Surgeons Meet- 
ing, Toronto, Canada, April 27, 1988). 
Using the Harvard cyclotron unit 
(proton beam Bragg peak technique), 
Kjellberg et al''? attained angio- 
graphically demonstrated obliteration 
in less than 20% of patients. Kjellberg 
and Abe" believe that Bragg peak pro- 
ton beam therapy reduces the risk of 
rebleeding and death by stabilizing 
blood vessel.walls. Efforts to adapt 
linear accelerators for high-dose, 
small-field radiation therapy are un- 
der way at various centers.*!*!5 
Norén et al!*"’ reported treating 110 
patients with acoustic neurinoma by 
gamma knife radiosurgery. Tumor 
growth was controlled in 90% of pa- 
tients: 60% showed growth arrest; and 
30%, actual tumor regression. No pa- 
tient sustained a permanent facial 
palsy. Immediately after radiosur- 
gery, hearing was preserved at the 
preoperative level in all patients, but 
deteriorated with long-term follow-up 
in 70% of patients. In our initial 
experience (longest follow-up, 27 
months), no patient has had tumor 
growth after radiosurgery. Within 3 to 
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Fig 8.—Preoperative (left) and 3-month post- 
operative (right) contrast-enhanced computed 
tomographic scan of an 84-year-old patient 
with meningiomas of the tentorium (A and B) 
and the anterior falx (C and D). The tentorial 
meningioma was treated (20 Gy) and re- 
gressed by 3 months, associated with improve- 
ment in cranial neuropathies. The falx tumor 
increased in size, and the patient is scheduled 
for radiosurgery of the falx tumor. 


Fig 9.—Radiosurgery of a solitary metastatic 
adenocarcinoma in the left motor strip. The 
patient received 30-Gy (10 fractions) fraction- 
ated external beam radiation therapy followed 
3 mo 3 mo by radiosurgery (16-Gy boost to the tumor 
margin in one fraction [A]). The tumor regres- 
sion (B and C) was associated with neurologic 
improvement. 








O mo 4 mo 9 mo 
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6 months after treatment, central loss 
of tumor contrast enhancement de- 
fined by computed tomography or MRI 
has been characteristic. Delayed facial 
paresis (median onset, 5 months) was 
noted in six patients, and in two func- 
tional recovery began within 4 months. 
Delayed trigeminal sensory loss has 
been noted in seven patients, all of 
whom had larger tumors contiguous to 
the trigeminal nerve. While currently 
we deliver 16 to 18 Gy (50% to 70% 
isodose) to the margins of the tumor, 
the tumor control rate and complica- 
tion rate require further study to de- 
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fine the optimal dose. These results 
testify to the need for further evalua- 
tion of radiosurgery to treat these in- 
tracranial lesions, as well as pineal re- 
gion tumors,” pituitary tumors,” 
craniopharyngiomas,?? ocular mela- 
nomas,^ and well-circumscribed in- 
tracranial glial neoplasms. 

In a recent comparison of a series of 
patients with AVMs, acoustic tumors, 
or meningiomas, we found that the av- 
erage length of stay for radiosurgical 
treatment was 2.24 days, whereas that 
for craniotomy was 11.44 days.’ In ad- 
dition, hospital charges for compara- 
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TENNESSEE 
MIDAS REX" Institute 


April 26-27-28, 1990 


(Immediately preceding the American 
Association of Neurological Surgeons meeting.) 


presents 


"Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics" 
Symposia/Hands-On Workshops with Separate Hands-On Sessions: 
for Neurosurgeons, Plastic, ENT, Craniofacial, and Maxillofacial Surgeons (NEURO 700) 


for Orthopaedic Surgeons (ORTHO 700) 
for Operating Room Personnel (ORP 700) 


Course Directors: 
Susan Mitchell, Ed.D.; Glen Mitchell, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An intensive series 
of hands-on exercises utilizing appropriate animal bones, skeletal 
bones, etc.: 

Neurosurgeons--dissection skills for bonework of the cranium and 
spine, including attention to bioplastics and biometals applicable to 
neurosurgery. 

Orthopaedic Surgeons--dissection in small bones, large bones, 
spines, joint replacement, revision surgery, methylmethacrylate, 
polyethylene, and biometals, including broken stem extraction. 

OR Personnel--dissection skills to become familiar with the applica- 

tions of power instrumentation; discussion of and participation in 

problem solving, care, and proper maintenance of power equipment. 


WEST PALM BEACH 


529 25st Street 


CREDITS: C.M.E. Credit Available. 
1 Doubletree at 
Commerce Place, Two Commerce Place, Nashville, Tennessee 
37219. Phone: 615-244-8200. 
ENROLLMENT: Fee: (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Personnel 
(RN/CST/PA/Other)$250.00. Make check to "Nashville Sym- 
posium." Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, 
Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


Join the more than 7,600 enrollees who have completed Midas Rex 
Hands-On Workshops. (3,800 Orthopaedic Surgeons; 1,600 
Neurosurgeons; 2,250 OR Personnel) 


MIDAS REX™ Institute 
HANDS-ON WORKSHOPS* 


“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics” 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL SURGEONS 
(Neuro 700)—dissection skills for bonework of the head and spine, including attention to bioplastics and biometals as 


applicable. 


OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power instrumentation; 
and participation in problem solving, care and proper maintenance of power equipment. 


Neuro 700 


MARCH 8-9-10 * 26-27-28 
MAY 7-8-9 * 21-22-23 
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MARCH 29-30-31 
MAY 14-15-16 


JUNE 11-12-13 * 25-26-27 


ENROLLMENT: Fee 
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US$): Surgeon $965.00; Fellow/Resident $585.00 Ne letter 
); All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Palm Beach Symposium." Mail to: Midas Rex Institute, 2929 Race 


Street, Fort Worth TX 76111. 


one: 800-433-7639 or 817-831-2604. 


*Enrollmentis limited. Please call to reserve space before eee or arranging 


travel 
in Fort Worth. 


lans. All enrollments are made through the 


idas Rex office 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 





The burning,throbbing, 
lancinating pain of 
diabetic neuropathy... 





xesponds to 


“AXSain 


970779 1810, deam 


C fiber specific analgesic 
for peripheral neuropathies 


a Topical, with no known systemic effects or drug 
interactions; can easily be used adjunctively 


0 Unmyelinated C fiber selective; does not affect more 
discriminatory senses such as touch, pressure, or 
— vibration 





Effective pain relief--improved comtor 


o Patients applying Axsain three to four times daily 
report noticeable pain relief within two to four weeks 


D Side effects are few and minor 


Even moderate improvements 
in pain relief can make significant 
differences in comfort 
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Effective analgesia demonstrated 
in double-blind, multi-center trial! 





71% of patients treated with Axsain 
reported pain relief 
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Highly specific to cutaneous 

C fiber neurons 

Capsaicin selectively depresses type C 
nociceptive fibers and causes a release and 
subsequent depletion of substance P, thereby 
impeding the conduction and transmission 

of peripheral pain impulses. 


Effective relief is achieved 
through proper patient use 


For effective relief, Axsain must be applied to 
the affected area three to four times a day. 

Continued application is necessary for three to 
four weeks to realize optimal clinical response. 


Axsain should be rubbed into the skin in 
amounts sufficient to cover the area without 
resulting in a caked residue. 


A transient burning sensation and reddening 
of the skin may occur over the first several 
days of use. Application schedules less than 
three times a day may not provide optimal 
pain relief and may cause the burning 
sensation to persist. 


Illustrated easy-to-read patient instruction 


booklets are included in every Axsain package. 





wen X sa i n "rapsaonaurs cream 


Description: Axsain contains capsaicin 0.075% in an emollient cream 
base. Capsaicin is trans-8-methyl-N-vanillyl-6-nonenamide, a white 
crystalline powder with a molecular weight of 305.4. It is practically insoluble 
in water but very soluble in alcohol, ether and chloroform 


Active Ingredient: Capsaicin 0.075%. 


Inactive Ingredients: Benzyl Alcohol, Cetyl Alcohol, Glyceryl Monostearate, 
Isopropyl Myristate, Polyoxyethylene Stearate Blend, Purified Water, Sorbitol 
Solution, White Petrolatum. 


Actions and Indications: Current evidence suggests that Axsain works by 
its action on a pain transmitting compound called substance P The 
capsaicin in Axsain causes substance P to leave the nerve endings. With a 
lower amount of substance P in the nerve endings, pain impulses cannot 
be transmitted to the brain. Axsain is indicated for relief of neuralgias (pain 
from nerves near the surface of the skin) such as painful diabetic neuro- 
pathy and postsurgical pain. 

Warnings: Avoid contact with eyes. Do not apply to wounds or damaged 
skin. Do not bandage tightly. If condition worsens or does not improve after 
28 days, discontinue use of this product and consult your physician. 

Keep this and all drugs out of the reach of children. 


Directions: Adults and children 2 years of age and older: Apply to affected 
area 3 to 4 times daily. A transient burning sensation related to the action 
of the product may occur over the first several days of use. Application 
schedules less than 3 times a day may not provide optimum pain relief and 
the burning sensation may persist. Wash hands immediately after applica- 
tion avoiding areas where drug is applied 


How Supplied: 2.0 oz. tubes (NDC 57284-501-60) 005 0489 
U.S. Patent Nos. 4,486,450 and 4,536,404 126344 


1, Data on file 1989, GalenPharma, Inc. 


Galen Pharma” 


2905 MacArthur Blvd., Northbrook, IL 60062 


New Directions in 
The Management of Pain 


© 1989 GalenPharma, Inc. 89901 Printed in U.S.A. 


The Viral Hypothesis of Alzheimer's Disease 


Absence of Antibodies to Lentiviruses 


Robert P. Friedland, MD; Conrad May, MD; John Dahlberg, PhD 


€ To evaluate the possible role of lenti- 
viruses in Alzheimer’s disease we 
searched for cross-reactive antibodies to 
human immunodeficiency virus type 1, ca- 
prine arthritis encephalitis virus, and 
equine infectious anemia virus in Alzhei- 
mer’s disease, Down’s syndrome, and re- 
lated dementing illnesses in serum sam- 
ples and cerebrospinal fluid samples and 
in healthy age-matched control subjects. No 
cross-reactive antibodies were detected. 

(Arch Neurol. 1990;47:177-178) 


he cause of Alzheimer’s disease 

(AD) remains unknown, despite re- 
cent advances in our knowledge of the 
protein-polypeptide chemistry of the 
disease. Interest in the hypothesis of a 
viral cause has been recently stimu- 
lated by a preliminary uncontrolled 
report of induction of encephalopathy 
in hamsters by blood from family 
members of patients with AD.' How- 
ever, studies of circulating antibodies 
and brain antigens have not revealed 
evidence for a role of conventional vi- 
ruses in the disease process.?? Lentivi- 
ruses are a nononcogenic subfamily of 
retroviruses that cause chronic, remit- 
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ting, slow infections, often with in- 
volvement of the central nervous 
system.** The lentiviruses are wide- 
spread, have unusually long periods of 
subclinical infection with a strong tro- 
pism for the brain, and may cause 
dementia.**’ While many organ sys- 
tems may exhibit pathologic changes 
induced by these agents, chronic brain 
infection may be present without sys- 
temic signs of disease.* 

To evaluate a possible role for these 
agents in the cause or pathogenesis of 
AD, we assayed serum samples and 
cerebrospinal fluid (CSF) specimens 
from patients with AD, patients with 
other dementing illnesses, and healthy 
age-matched control subjects for the 
presence of cross-reacting antibodies 
to three lentiviruses: human immuno- 
deficiency virus (HIV) type 1; caprine 
arthritis encephalitis virus; and 
equine infectious anemia virus. 


MATERIALS AND METHODS 
Subject Selection 


This study included 28 patients with 
probable AD (mean age + SD, 68.6 + 9.8 
years; 14 males and 14 females), seven 
healthy, normal volunteers (67.8 + 11.9 
years, five males and two females), four 
persons with Down’s syndrome (49.3 + 16.8 
years; range, 26 to 65 years; three males and 
one female), and eight persons with other 
dementing illnesses (Table). All of the sub- 
jects were screened by physical and neuro- 
logic examinations, routine blood tests, 
chest roentgenograms, and electrocardio- 
grams; they were in good general physical 
health, aside from the presence of dementia 
in the patient groups. The diagnosis of 
probable AD was made in accordance with 
the guidelines of the National Institute of 
Neurological Disorders and Stroke-Alzhei- 
mer’s Disease and Related Disorders Asso- 


ciation Work Group. Twelve of the patients 
with AD have died. The diagnosis of AD 
was confirmed in 10; in 2 cases, autopsy 
consent was denied. 


Lumbar Puncture Procedure 


Subjects were admitted for the lumbar 
puncture to the patient care unit of the 
Laboratory of Neurosciences in the Clinical 
Center, National Institutes of Health, 
Bethesda, Md. Serum and CSF samples 
were frozen at —70°C until assayed. These 
studies were approved by the Clinical Re- 
search Subpanel of the National Institute 
on Aging, Bethesda, Md. Informed consent 
was obtained from patients or family mem- 
bers in all cases. 


Immunological Techniques 


Our search for cross-reactive antibodies 
involved Western blot analysis, using three 
different lentivirus antigen preparations. 
Human immunodeficiency virus type 1, ca- 
prine arthritis encephalitis virus, and 
equine infectious anemia virus were puri- 
fied by banding in sucrose gradients. Two 
hundred micrograms of antigen was elec- 
trophoresed as a single sample across a 
discontinuous polyacrylamide gradient gel 
(7.5% to 15%), transblotted onto cellulose 
nitrate (overnight transfer at a current 
setting of 100 mA), and the blots were cut 
into strips. Molecular weight markers were 
run in a separate lane at the edge of the gel. 
Strips were soaked for 2 hours in blotto (2% 
nonfat dry milk, 1% Triton X100, 50 mmol 
TRIS hydrochloride at a pH of 7.5, 10 mmol 
of ethylenediaminetetraacetic acid, and 
0.01% sodium azide). Serum samples or 
CSFs were diluted 1:50 in blotto and incu- 
bated with the strips for 2 hours (alterna- 
tively overnight in some experiments), then 
washed three times in blotto (10 minutes 
each with gentle rocking). The strips were 
then incubated with 100000 counts per 
minute iodinated protein A for 30 to 45 
minutes at room temperature, then washed 
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Other Dementing Illnesses 


Subject/ 
Age, y/Sex 


Diagnosis 





1/72/M 
2/68/F 
3/76/F 
4/63/M 
5/92/F 
6/66/M 
7/76/F 
8/62/M 


three times in blotto. The iodinated protein 
A was freshly prepared in TTBS (20 mmol 
of TRIS hydrochloride at a pH of 7.4, 0.05% 
Tween 20, 0.9% sodium chloride), since 
blotto rapidly absorbs activity of the probe. 
The strips were finally rinsed in deionized 
water and mounted on blotting paper, cov- 
ered with plastic wrap, and exposed over- 
night or longer using x-ray film. Positive 
serum samples were used in each case. 
These conditions are sufficient to allow an- 
tisera to these viruses to recognize one or 
more gag antigens of the other two viruses, 
except that HIV-positive serum samples 
are extremely type specific and rarely de- 
tect heterologous viral antigens despite 
their extremely high homologous titers. 


RESULTS 


Cross-reactive antibodies were not 
detected in any serum or CSF speci- 
men from patients or healthy control 
subjects. 


COMMENT 


The absence of immunological reac- 
tivity to these lentiviral antigens in 
serum or CSF is evidence against the 
role of these or related agents in the 
pathological processes of AD. Our 
working hypothesis was that a previ- 
ously undocumented lentivirus might 
be involved in the induction of neuro- 
logical diseases such as AD. Immuno- 
blot analysis offers perhaps the most 
sensitive means of detecting cross-re- 
active antibodies to such putative het- 
erologous viruses, but the lack of reac- 
tivity in our assay does not rule out the 
possibility that they exist. The most 
likely explanation would be that the 
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Alzheimer's and Parkinson's disease (autopsy confirmed) 


Thalamic degeneration (autopsy confirmed) 

Suspected Pick's disease 

Pick's disease (autopsy confirmed) 

Mixed (Alzheimer's disease and stroke) 

Parkinson's disease with dementia (autopsy confirmed) 
Normal pressure hydrocephalus 

Isolated amnesic syndrome 


evolutionary divergence is too great 
and cross-reactive antibodies, al- 
though present, did not react with our 
blots. Alternatively, the possibility 
that persistent latent infection is 
present without an immunological re- 
sponse also must be considered, since it 
has been documented that HIV-1 can 
occasionally infect without producing 
an antibody response.’ Furthermore, 
viruses may cause AD as a late conse- 
quence of a host reaction to an earlier 
infection, without a persistent im- 
mune response. 

The objective of this study was to 
identify antibodies in human serum 
samples or other fluids that cross- 
react with known animal or human 
lentiviruses. In a recent study, Finnish 
patients with dementia were surveyed 
for antibodies to HIV-1 and human T- 
cell lymphotropic virus type I using 
commercially available enzyme-linked 
immunosorbent assay kits.” Their in- 
ability to detect such antibodies is 
consistent with our data, although 
their study was not designed to detect 
cross-reactive antibodies indicative of 
a possible heterologous virus. In our 
study, an immunological approach was 
believed to be more likely to succeed 
than one using hybridization with even 
highly conserved segments of the ret- 
roviral genome such as portions of the 
pol gene. This is based on the proven 
ability to deteet heterologous reactiv- 
ity between lentiviruses by Western 
blot analysis, and the retention of ho- 
mology at the amino acid level even 


with substantial changes in tl 
codon position. Although the re 
searching for such antibodies 

Alzheimer's samples proved n 
serum samples from other ca 
of patients occasionally demc 
reactivity to HIV gag antigens: 
inconsistent with HIV infect: 
are currently attempting to 

additional assays to determine 
gen can be detected in com 
samples that could represent a 
ral isolate. 
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RAP"  TheLessSedating Therapy for Tourette Syndrome 


(pimozide) Tablets 





INDICATIONS AND USAGE 
ORAP (pimozide) is indicated for the suppression of motor and phonic tics in patients 
with Tourette's Disorder who have failed to respond satisfactorily to standard treatment 
ORAP is not intended as a treatment of first choice nor is it intended for the treatment for 
tics that are merely annoying or cosmetically troublesome. ORAP should be reserved for 
use in Tourette's Disorder patients whose development and/or daily life function is 
severely compromised by the presence of motor and phonic tics. 
Evidence supporting approval of pimozide for use in Tourette's Disorder was obtained 
in two controlled clinical investigations which enrolled patients between the ages of 8 and 
53 years. Most subjects in the two trials were 12 or older. 


1. ORAP (pimozide) is contraindicated in the treatment of simple tics or tics other 
than associated withTourette's Disorder. 

2.  ORAP should not be used in patients taking drugs that may, themselves, cause 
motor and phonic tics (e.g., pemoline, methylphenidate and amphetamines) until 
Such patients have been withdrawn from these drugs to determine whether or not 
the drugs, rather than Tourette's Disorder, are responsible for the tics. 

3. Because ORAP prolongs the QT interval of the electrocardiogram it is 
contraindicated in patients with congenital long QT syndrome, patients with a 
history of cardiac arrhythmias, or patients taking other drugs which prolong the QT 
interval of the electrocardiogram (see DRUG INTERACTIONS). 

4.  ORAP is contraindicated in patients with severe toxic central nervous system 
depression or comatose states from any cause. 

5. ORAP is contraindicated in patients with hypersensitivity to it. As it is not known 
whether cross-sensitivity exists among the antipsychotics, pimozide should be 
used with appropriate caution in patients who have demonstrated hypersensitivity 
to other antipsychotic drugs. 


WARNINGS 
The use of ORAP (pimozide) in the treatment of Tourette's Disorder involves different 
tisk/benetit considerations than when antipsychotic drugs are used to treat other 
conditions. , à decision to use ORAP should take into consideration the 
following: (see also PRECAUTIONS-Information for Patients). 


Tardive Dyskinesia A syndrome consisting of potentially irreversible, involuntary, 
dyskinetic movements may develop in patients treated with antipsychotic drugs. 
Although the prevalence of the syndrome appears to be highes! among the elderly, 
especially elderly women, it is impossible to rely upon prevalence estimates to predict, at 
the inception of antipsychotic treatment, which patients are likely to develop the 
syndrome. Whether antipsychotic drug products differ in their potential to cause tardive 
dyskinesia is unknown. 

Both the risk of developing tardive dyskinesia and the likelihood that it will become 
irreversible are believed to increase as the duration of treatment is withdrawn 
Antipsychotic treatment, itself, however, may suppress (or partially suppress) the signs 
and symptoms of the syndrome and thereby may possibly mask the underlying process. 
The effect that symptomatic suppression has upon the long-term course of the 
syndrome is unknown. 

Given these considerations, antipsychotic drugs should be prescribed in a manner 
that is most likely to minimize the occurrence of tardive dyskinesia. Chronic 
antipsychotic treatment should generally be reserved for patients who suffer from a 
Chronic illness that, 1) is known to respond to antipsychotic drugs, and, 2) for whom 
alternative, equally effective, but potentially less harmful treatments are not available or 
appropriate. In patients who do require chronic treatment, the smallest dose and the 
shortest duration of treatment producing a satisfactory clinical response should be 
‘sought. The need for continued treatment should be reassessed periodically. 

If signs and symptoms of tardive dyskinesia appear in a patient on antipsychotics, 
drug discontinuation should be considered. However, some patients may require 
treatment despite the presence of the syndrome. 

(For further information about the description of tardive dyskinesia and its clinical 
detection, please refer to ADVERSE REACTIONS and PRECAUTIONS-Information for 
Patients.) 


Neuroleptic Malignant Syndrome (NMS) A potentially fatal symptom complex 
sometimes referred to as Neuroleptic Malignant Syndrome (NMS) has been reported in 
association with antipsychotic drugs. Clinical manifestations of NMS are hyperpyrexia, 
muscle rigidity, altered mental status (including catatonic signs) and evidence of 
autonomic instability (irregular pulse or blood pressure, tachycardia, diaphoresis, and 
cardiac dysrhythmias). Additional signs may include elevated creatine phosphokinase, 
myoglobinuria (rhabdomyolysis) and acute renal failure. 

The diagnostic evaluation of patients with this syndrome is complicated. In arriving at 
a diagnosis, it is important to identity cases where the clinical presentation includes both 
serious medical illness (€.9., pneumonia, systemic infection, etc.) and untreated or 
inadequately treated extrapyramidal signs and symptoms (EPS). Other important 
considerations in the differential diagnosis include central anticholinergic toxicity, heat 
stroke, drug fever and primary central nervous system (CNS) pathology. 

The management of NMS should include 1) immediate discontinuation of 
antipsychotic drugs and other drugs not essential to concurrent therapy, 2) intensive 
symptomatic treatment and medical monitoring, and 3) treatment of any concomitant 
serious medical problems for which specific treatments are available. There is no general 
agreement about specific pharmacological treatment regimens for uncomplicated NMS. 

If a patient requires antipsychotic drug treatment after recovery from NMS, the 
potential reintroduction of drug therapy should be carefully considered. The patient 
should be carefully monitored, since recurrences of NMS have been reported. 

Hyperpyrexia, not associated with the above symptom complex, has been reported 

with other antipsychotic drugs. 
Other Sudden, unexpected deaths have occurred in experimental studies of conditions 
other than Tourette's Disorder. These deaths occurred while patients were receiving 
dosages in the range of 1 mg per kg. One possible mechanism for such deaths is 
prolongation of the QT interval predisposing patients to ventricular arrhythmia. An 
electrocardiogram should be performed before ORAP treatment is initiated and 
penodically thereafter, especially during the period of dose adjustment. 

ORAP may have a tumorigenic potential. Based on studies conducted in mice, it is 
known that pimozide can produce a dose related increase in pituitary tumors. The full 
significance of this finding is not known, but should be taken into consideration in the 
physician's and patient's decisions to use this drug product. This finding should be given 
special consideration when the patient is young and chronic use of pimozide is 
anticipated. (see PRECAUTIONS-Carcinogenesis, Mutagenesis, Impairment of Fertility). 


PRECAUTIONS 

General ORAP (pimozide) may impair the mental and/or physical abilities required for 
the performance of ally hazardous tasks, such as driving a car or operating 
machinery, especially during the first few days of therapy. 

ee ee Eee oaio Jn 
individuals whose conditions may be aggravated by 

RAP sei Er ME CRUS LETS wate cantent dt er of 
kidney function, because it is metabolized by the liver and excreted by the kidneys. 

Antipsychotics should be administered with caution to patients receiving 

medication, with a history of seizures, or with EEG abnormalities, because 

they may lower the convulsive threshold. If indicated, adequate anticonvulsant therapy 
should be maintained concomitantly. 
Laboratory Tests An ECG should be done at baseline and periodically thereafter 
throughout the period of dose adjustment. Any indication of prolongation of QT. interval 
beyond an absolute limit of 0.47 seconds (children) or 0.52 seconds (adults), or more 
than 25% above the patient's original baseline should be considered a basis for stopping 
further dose increase (see CONTRAINDICATIONS) and considering a lower dose. 

Since hypokalemia has been associated with ventricular arrhythmias, potassium 
insufficiency, secondary to diuretics, diarrhea, or other cause, should be corrected before 
ORAP therapy is initiated and normal potassium maintained during therapy. 


Drug Interactions Because ORAP prolongs the QT interval of the electrocardiogram, an 
additive effect on QT interval would be anticipated if administered with other drugs, such 


as phenothiazines, tricyclic antidepressants or antiarrhythmic agents, which prolong the 
QT interval. Such concomitant administration should not be undertaken (see 
CONTRAINDICATIONS), 


ORAP may be capable of potentiating CNS depressants, including analgesics, 


Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenicity studies were 
conducted in mice and rats. In mice, pimozide causes a dose-related increase in pituitary 
and mammary tumors. 

When mice were treated for up to 18 months with pimozide, eee els alc 
developed in females only. These changes were characterized as hyperplasia at 
appreciating te manae aides Aere eps ire 
recommended human dose on a mg per kg basis. The mechanism for the induction of 
pituitary tumors in mice is not known 

Mammary gland tumors in female mice were also increased, but these tumors are 
expected in rodents treated with antipsychotic drugs which elevate prolactin levels. 
Chronic administration of an antipsychotic also causes elevated prolactin levels in 
humans. Tissue culture experiments indicate that approximately one-third of human 
breast cancers are prolactin-dependent in vitro, a factor of potential importance if the 
prescription of these drugs is contemplated in a patient with a previously detected breast 
cancer. Although disturbances such as galactorrhea, amenorrhea, gynecomastia, and 
impotence have been reported with antipsychotic drugs, the clinical significance of 
elevated serum prolactin levels is unknown for most patients. Neither clinical studies nor 
epidemiologic studies conducted to date have shown an association between chronic 
administration of these drugs and mammary tumorigenesis. The available evidence, 
however, is considered too limited to be conclusive at this time 

In a 24 month carcinogenicity study in rats, animals received up to 50 times the 
maximum recommended human dose. No increased incidence of overall tumors or 
lumors at any site was observed in either sex. Because of the limited number of animals 
surviving this study, the meaning of these results is unclear. 

Pimozide did not have mutagenic activity in the Ames test with four bacterial test 
strains, in the mouse dominant lethal test or in the micronucleus test in rats. 

Reproduction studies in animals were not adequate to assess all aspects of fertility. 
Nevertheless, female rats administered pimozide had prolonged estrus cycles, an effect 
also produced by other antipsychotic drugs. 

Pregnancy Category C. Reproduction studies performed in rats and rabbits at oral doses 
up to 8 times the maximum human dose did not reveal evidence of teratogenicity. In the 
rat, however, this multiple of the human dose resulted in decreased pregnancies and in 
the retarded development of fetuses. These effects are thought to be due to an inhibition 
or delay in implantation which is also observed in rodents administered other 
antipsychotic drugs. In the rabbit, maternal toxicity, mortality, decreased weight gain, 
and embryotoxicity including increased resorptions were dose related. Because animal 
reproduction studies are not always predictive of human response, pimozide should be 
given to a pregnant woman only if the potential benefits of treatment clearly outweigh the 
potential risks. 

Labor and Delivery This drug has no recognized use in labor or delivery. 


Nursing Mothers lt is not known whether pimozide is excreted in human milk. Because 
many drugs are excreted in human milk and because of the potential for tumorigenicity 
and unknown cardiovascular effects in the infant, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. 


Pediatric Use Although Tourette's Disorder most often has its onset between the ages of 
2 and 15 years, information on the use and efficacy of ORAP in patients less than 12 
years of age is limited 

Because its use and safety have not been evaluated in other childhood disorders, 
ORAP is not recommended for use in any condition other than Tourette's Disorder. 


ADVERSE REACTIONS. 
General: Extrapyramidal Reactions: Neuromuscular (extrapyramidal) reactions during 
the administration of ORAP (pimozide) have been reported frequently often during the 
first few days of treatment. In most patients, these reactions involved Parkinson-like 
symptoms which, when first observed, were usually mild to moderately severe and 
usually reversible, 

Other types of neuromuscular reactions (motor restlessness, dystonia, akathisia, 
hyperretlexia, opisthotonos, oculogyric crises) have been reported far less frequently. 
Severe extrapyramidal reactions have been reported to occur at relatively low doses. 
Generally the occurrence and severity of most extrapyramidal symptorns are dose related 
since they occur at relatively high doses and have been shown to disappear or become 
less severe when the dose is reduced. Administration of antiparkinson drugs such as 
benztropine mesylate or trihexyphenidyl hydrochloride may be required for control of 
Such reactions. It should be noted that persistent extrapyramidal reactions have been 
reported and that the drug may have to be discontinued in such cases. 

Withdrawal Emergent Neurological Signs: Generally, patients receiving short term 
therapy experience no problems with abrupt discontinuation of antipsychotic drugs. 
However, some patients on maintenance treatment experience transient cyskinetic signs 
after abrupt withdrawal. In certain of these cases the dyskinetic movements are 
indistinguishable from the syndrome described below under Tardive Dyskinesia' except 
for duration. It is not known whether gradual withdrawal of antipsychotic drugs will 
reduce the rate of occurrence of withdrawal emergent neurological signs but until further 
evidence becomes available, it seems reasonable to gradually withdraw use of ORAP. 

Tardive Dyskinesia: ORAP may be associated with persistent dyskinesias. Tardive 
dyskinesia, a syndrome consisting of potentially irreversible, involuntary, dyskinetic 
movements, may appear in some patients on long-term therapy or may occur after drug 
therapy has been discontinued. The risk appears to be greater in elderly patents on high- 
dose therapy, especially females. The symptoms are persistent and in some patients 
appear irreversible, The syndrome is characterized by rhythmical involuntary 
movements of tongue, face, mouth or jaw (e.g., protrusion of tongue, puffing of cheeks, 
puckering of mouth, chewing movements). Sometimes these may be accompanied by 
involuntary movements of extremities and the trunk. 

There is no known effective treatment for tardive dyskinesia: antiparkinson agents 
usually do not alleviate the symptoms of this syndrome. It is suggested that all 
antipsychotic agents be discontinued if these symptoms appear. Should it be necessary 
to reinstitute treatment, or increase the dosage of the agent, or switch to a different 
antipsychotic agent, this syndrome may be masked. 

It has been reported that fine vermicular movement of the tongue may be an early 
sign of tardive dyskinesia and if the medication is stopped at that time the syndrome may 
not develop. 

Electrocardiographic Changes: Electrocardiographic changes have been observed in 
clinical trials of ORAP in Tourette's Disorder and schizophrenia. These have included 
prolongation of the QT interval, flattening, notching and inversion of the T wave and the 
appearance of U waves. Sudden, unexpected deaths and grand mal seizure have 
occurred at doses above 20 mg/day 

Neuroleptic Malignant Syndrome: Neuroleptic malignant syndrome (NMS) has been 
reported with ORAP. (See WARNINGS for further information concerning NMS.) 

Hyperpyrexia; Hyperpyrexia has been reported with other antipsychotic drugs. 
Clinical Trials The following adverse reaction tabulation was derived from 20 patients in 
a 6 week long placebo controlled clinical trial of ORAP in Tourette's Disorder. 


Body System/ Pimozide Placebo 
Adverse Reaction (N= 20) (N= 20) 
Body as a Whole 
Headache 1 2 
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Decreased accom- 4 1 
Spots before eyes 0 1 


Impotence 3 0 


Because clinica! investigational experience with ORAP in Tourette's Disorder is 
limited, uncommon adverse reactions may not have been detected. The physician 
should consider that other adverse reactions associated with antipsychotics may occur. 


Other Adverse Reactions 1n addition to the adverse reactions listed above, those listed 
below have been reported in U.S. clinical trials of ORAP in conditions other than 
Tourette s Disorder. 

Body as a Whole: Asthenia, chest pain, periorbital edema 

Cardiovascular/Respiratory. Postural hypotension, hypotension. hypertension, 
tachycardia, palpitations 

Gastrointestinal: Increased salivation, nausea, vomiting, anorexia, GI distress 

Endocrine: Loss of libido 

Metabolic/Nutritional: Weight gain, weight loss 

Central Nervous System: Dizziness, tremor, parkinsonism, fainting, dyskinesia 


Urogenital: Nocturia, urinary frequency 
Postmarketing Reports The following experiences were described in spontaneous 
postmarketing reports. These reports do not provide sufficient information to establish a 
clear causal relationship with the use of ORAP. 

Hematologic: Hemolytic anemia 


OVERDOSAGE 
In general, the signs and symptoms of overdosage with ORAP (pimozide) would be 
an exaggeration of known pharmacologic effects and adverse reactions, the most 
prominent of which would be: 1) electrocardiographic abnormalities, 2) severe 
extrapyramidal reactions, 3) hypotension, 4) a comatose state with respiratory 


depression. 

in the event of overdosage, gastric lavage, establishment of a patent airway and, if 
necessary mechanically-assisted respiration are advised. Electrocardiographic 
monitoring should commence immediately and continue until the ECG parameters are 
within the normal range. Hypotension and circulatory collapse may be counteracted by 
use of intravenous fluids, plasma, or concentrated albumin, and vasopressor agents such 
as metaraminol, phenylephrine and norepinephrine. Epinephrine should not be used. In 
case of severe extrapyramidal reactions, antiparkinson medication should be 
administered. Because of the long half-life of pimozide, patients who take an overdose 
should be observed for at least 4 days. As with all drugs, the cian should consider 
contacting a poison control center for additional information on the treatment of 
overdose, 


DOSAGE AND ADMINISTRATION 

Reliable dose response data for the effects of ORAP (pimozide) on tic manifestations 
in Tourette's Disorder patients below the age of twelve are not available. Consequently, 
the suppression of tics by ORAP requires a slow and gradual introduction of the drug. 
The patient's dose should be carefully adjusted to a point where the suppression of tics 
and the relief afforded is balanced against the untoward side effects of the drug. 

An ECG should be done at baseline and periodically thereafter, especially during the 
period of dose adjustment (see WARNINGS and PRECAUTI Tests). 

In general, treatment with ORAP should be initiated with a dose of 1 to 2 mg a day in 
divided doses. The dose may be increased thereafter every other day. Most patlents are 
maintained at less than 0.2 mg/kg per day, or 10 mg/day, whichever is less. Doses 
greater than 0.2 mg/kg/day or 10 mg/day are not recommended. 

Periodic attempts should be made to reduce the dosage of ORAP to see whether or 
not tics persist at the level and extent first identified. In attempts to reduce the dosage of 
ORAP, consideration should be given to the possibility that increases of tic intensity and 
frequency may represent a transient, withdrawal related phenomenon rather than a return 
of disease symptoms. Specifically, one to two weeks should be allowed to elapse betore 
one concludes that an increase in tic manifestations is a function of the underlying 
disease syndrome rather than a response to drug withdrawal. A gradual withdrawal is 
recommended in any case. 


HOW SUPPLIED 
ORAP (pimozide) 2 mg tablets, white, scored, imprint ‘LEMMON’ and 'ORAP 2'-NDC 
0093-0187-01, bottles of 100. 
Dispense in tight, light-resistant containers as defined in the official compendium. 
Made in Canada 
Manufactured by: 
McNeil Pharmaceutical, (Canada) Ltd. 
Stouffville, Ontario L4A 7x7 


Manufactured for: 
LEMMON COMPANY 
Sellersville, PA 18960 
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Aspergillus Infection of the Central Nervous System in 
Patients With Acquired Immunodeficiency Syndrome 


Gail L. Woods, MD, Jonathan C. Goldsmith, MD 


* Infections of the central nervous sys- 
tem in patients with the acquired immuno- 
deficiency syndrome are common. Of the 
many microorganisms that have been im- 
plicated, infection with Aspergillus is rare. 
We describe three patients with Aspergil- 
lus infection of the nervous system. Two 
patients had cerebral lesions due to As- 
pergillus flavus, and one patient had As- 
pergillus fumigatus infection of the spinal 
cord. Diagnosis of the infections was dif- 
ficult, and therapy appeared to be ineffec- 
tive. 

(Arch Neurol. 1990;47:181-184) 


Neurologic complications in patients 
with the acquired immunodeficien- 
cy syndrome (AIDS) are common.'* 
Nearly 4046 of patients with AIDS de- 
velop neurologic symptoms, and one 
third of these have neurologic com- 
plaints at initial presentation. The 
40% figure is probably an underesti- 
mate of the proportion of patients with 
actual pathologic abnormalities, as at 
least one autopsy series of 41 patients 
documented central nervous system 
(CNS) lesions in 73% .° 
The neurologic syndromes have di- 
verse causes, including infections and 
neoplasms. A wide spectrum of infec- 
tious agents has been implicated with 
varying degrees of frequency. Of the 
identified microorganisms, infections 
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of the CNS with Aspergillus have been 
rare in patients with AIDS. To our 
knowledge, there have been only six 
partly described cases involving As- 
pergillus fumigatus."" During a recent 
2-year period, we cared for three pa- 
tients with AIDS and neurologic com- 
plieations due to Aspergillus species 
(one A fumigatus and two Aspergillus 
flavus) at the University of Nebraska 
Medical Center (UNMC), Omaha. 


REPORT OF CASES 


Case 1.—A 44-year-old white man pre- 
sented to UNMC in March 1987 with a 
2-month history of cough, shortness of 
breath, and left-sided chest pain. He had 
been followed up since December 1985 for 
Nocardia asteroides pulmonary and subcu- 
taneous infection, which had responded 
clinically to treatment with oral tri- 
methoprim-sulfamethoxazole. In March 
1986, tests for antibody to human immuno- 
deficiency virus were repeatedly positive, 
and the results were confirmed by Western 
blot analysis. The concentrations of helper 
(CD4) and suppressor (CD8) lymphocytes 
were 598/uL and 1567/uL, respectively 
(CD4-CD8 ratio, 0.4). During this admis- 
sion, recurrent cutaneous N asteroides in- 
fection was diagnosed, and trimethoprim- 
sulfamethoxazole therapy was reinstituted. 

Roentgenography of the patient's chest 
revealed a left pleural mass with adjacent 
alveolar consolidation. Culture of a fine- 
needle aspirate of the mass yielded A fu- 
migatus, and amphotericin B therapy was 
begun. In April, an implanted vascular ac- 
cess device (Infusaport) was placed for ad- 
ministration of medications, and ampho- 
tericin B therapy (30 mg three times per 
week) was continued on an outpatient basis 
until the patient died. He was hospitalized 
for a week in May 1987 for chest tube place- 
ment to allow drainage of a pleural effu- 
sion, which yielded A fumigatus. In addi- 
tion, pentamidine isethionate therapy by 


inhalation was initiated for prophylaxis of 
Pneumocystis carinii. 

The patient developed severe back pain in 
August 1987, and this remained a problem 
until his death. A magnetic resonance im- 
aging (MRI) study of the spine on Novem- 
ber 6 showed degenerative joint disease and 
findings consistent with either disk hernia- 
tion or protrusion at L1-2, L4-5, and L5-S1. 
Because of unremitting pain, a transcuta- 
neous electrical nerve stimulation (TENS) 
unit was placed on November 25. 

The patient was hospitalized again on 
December 13, 1987, for continuing chest 
pains. Roentgenography of the chest 
showed patchy alveolar infiltrates in both 
bases and a new infiltrate in the left lower 
lobe. Cytologic examination of bronchoal- 
veolar lavage (BAL) fluid showed branching 
and septate hyphae, and A fumigatus was 
recovered from a sputum specimen. Am- 
photericin B therapy was continued, and 
the patient was discharged on December 16. 

On Decemter 24, 1987, he was readmitted 
for chest tube placement for drainage of a 
recurrent pleural effusion. Physical exami- 
nation revealed a cachectic man with dif- 
fuse muscle wasting. Consolidation of the 
left lower lobe was seen on a chest roent- 
genogram. On December 26, the patient was 
unable to walk or move his right leg. Neu- 
rologic examination revealed severe atro- 
phy and muscle wasting of the leg muscles 
and sensory loss in the distal lower extrem- 
ities. A computed tomographic (CT) scan of 
the head and an MRI scan of the spine were 
within normal limits. Examination of the 
cerebrospinal fluid (CSF) showed 80 white 
blood cells per cubic millimeter (0.80 poly- 
morphonuclear leukocytes and 0.20 lym- 
phocytes); glucose, 1.1 mmol/L; protein, 2 
g/L; and a nonreactive VDRL test. Cultures 
of CSF and blood were sterile. Because the 
CSF results were indicative of a chronic in- 
fection, therapy with antituberculosis 
drugs (isoniazid and ethambutol hydro- 
chloride) was started. An MRI scan on De- 
cember 29 showed spondylitic changes in 
the lumbar area. 
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Fig 1.— Aspergillus involvement of the thoracic 
and lumbar vertebrae of patient 1 at postmor- 
tem examination. 


Over the next 14 days, the patient had 
daily fevers. He became confused and le- 
thargic. On January 8, 1988, he had no sen- 
sation or voluntary movement of the lower 
extremities, and he did not respond to ver- 
bal or painful stimuli. He died 4 days later. 

Postmortem examination revealed an 
emaciated white man with generalized 
muscle wasting and atrophy. Both lungs 
were consolidated (right, 500 g; left, 700 g) 
and firmly adherent to the posterior tho- 
racie wall. The posterior pleural surfaces 
were thickened (up to 1.0 em) by a layer of 
fibrous tissue and loculated pus. The fibrin- 
opurulent exudate extended into the sub- 
arachnoid space along the length of the 
spinal cord to the base of the brain. There 
was bony destruction of several thoracic 
vertebrae and compression and softening of 
the spinal cord in the midthoracic and lum- 
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Fig 2. —Hemorrhagic infarction of the cerebral hemispheres resulting from Aspergillus infection in 
patient 2. 


bar regions (Fig 1). The remaining organs 
were unremarkable. 

Viewed microscopically, sections of lung 
showed bronchopneumonia with microab- 
scess formation. The pleura was thickened 
by a layer of fibrinopurulent exudate and 
granulation tissue in which there were di- 
chotomously branching septate hyphae. 
Sections of the thoracic vertebrae revealed 
necrotic bone and an infiltrate of acute in- 
flammatory cells and hyphal fragments. 
Examination of spinal cord sections showed 
acute and chronic meningitis with septate 
hyphae within the inflammatory exudate 
and invading blood vessel walls. Associated 
with the latter, there were vascular throm- 
bosis and focal necrosis of the spinal cord 
and cerebral parenchyma. Cultures of the 
pleural exudate, the exudate at the base of 
the brain, and lung and lumbar spinal cord 
tissue yielded A fumigatus. 

Case 2.—A locally residing 30-year-old 
white woman presented to the Viral Syn- 
drome Clinic at UNMC in October 1987 to 
obtain information regarding her health 
status after learning of a positive test for 
antibody to human immunodeficiency vi- 
rus. She had requested that the test be per- 
formed when she was informed that her 
sexual partner had antibody to human im- 
munodeficiency virus. Her only symptom 
was a 3.2-kg weight loss over the preceding 
2 months. Roentgenography of the chest 
showed no abnormalities. The concentra- 
tions of CD4 and CD8 lymphocytes were 
426/uL and 232/yL, respectively (CD4-CD8 
ratio, 1.8). By January 1988, the concentra- 
tions of CD4 and CD8 cells were 411/uL and 
784,/uL, respectively (CD4-CD8 ratio, 0.5). 
In April 1988, the patient presented with a 
persistent productive cough. Because her 
symptoms did not remit, in early May she 
was treated with aerosolized pentamidine 
isethionate (4 mg/kg daily) and zidovudine. 

She was admitted to UNMC May 13, 1988, 
with complaints of fever (temperatures to 


39°C), confusion, sinus tenderness, and 
vomiting. Roentgenography of the chest 
showed diffuse interstitial infiltrates; 
P carinii was seen in methenamine-silver- 
stained cytospin preparations of BAL fluid; 
and the patient was treated with parenteral 
trimethoprim-sulfamethoxazole. Despite 
therapy, she became increasingly hypoxic, 
and required mechanical ventilation. 
Treatment was changed to intravenous pen- 
tamidine isethionate, methylprednisolone 
sodium succinate, ceftazidime pentahy- 
drate, and erythromycin lactobionate. The 
patient improved clinically, and 3 days later 
was extubated. On May 24, she again re- 
quired intubation for severe respiratory 
distress. Chest roentgenography revealed 
worsening diffuse alveolar consolidation; P 
carinii was seen in preparations of BAL 
fluid; and dapsone and amphotericin B were 
added to the therapeutic regimen. On May 
30, the patient complained of dizziness and 
palpitations. An electrocardiogram re- 
vealed bradycardia, bigeminy, and runs of 
ventricular tachycardia. Her temperature 
increased to 39°C on June 5, and her pupils 
were unequal in size. The findings of CSF 
examination were within normal limits. 
The following day she was comatose, and a 
CT scan of the head showed multiple round 
hypodense nonenhancing lesions. She died 2 
days later. 

Autopsy examination revealed a cachec- 
tie young adult woman. The right and left 
lungs weighed 1000 g and 750 g, respec- 
tively. On eut section of the lung, multiple 
light-tan, poorly cireumscribed nodules, 0.3 
to 0.5 em in diameter, were present bilater- 
ally, and there was hemorrhagic infarction 
of approximately 75% in the right lower 
lobe. Multiple light-tan nodules, 0.3 to 0.5 
em in diameter, were scattered throughout 
the cortex and medulla of both kidneys. 
Many similar-appearing lesions involved 
the epicardium and myocardium, and on 
the endocardial surfaces of the right and 
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left ventricles there were several friable tan 
vegetations, measuring 0.7 cm in maximum 
diameter. The brain weighed 1500 g and 
demonstrated no external abnormalities, 
with the exception of flattening of the 
cerebral gyri. On cut section, there was near 
total replacement of the right cerebral 
hemisphere with an area of hemorrhagic 
necrosis. Areas of hemorrhagic necrosis 
(Fig 2), measuring up to 4 em in diameter, 
were also present in the left parietal lobe, 
the left thalamus, and the cerebellum. 

Viewed microscopically, sections of the 
above described lesions in the lungs, kid- 
neys, heart, and brain revealed tissue ne- 
crosis, a neutrophilic inflammatory infil- 
trate, and dichotomously branching septate 
hyphae with prominent blood vessel inva- 
sion. In methenamine-silver-stained sec- 
tions of the lungs, cysts typical of P carinii 
were visualized. Cultures of brain and lung 
tissue yielded A flavus. 

Case 3.—A 33-year-old homosexual 
white man from Chicago, Ill, was found to 
have human immunodeficiency virus anti- 
body in August 1986, when he presented 
with severe oral candidiasis. He moved to 
Omaha, Neb, in March 1987, and was first 
admitted to UNMC on October 5, 1987, with 
night sweats, dyspnea on exertion, fever to 
39.5°C, nausea, and vomiting. Roentgenog- 
raphy of the chest showed new interstitial 
infiltrates and bilateral pleural effusions. 
Pneumocystis carinii pneumonia was diag- 
nosed by BAL, and treatment with intra- 
venous  trimethoprim-sulfamethoxazole, 
pentamidine isethionate, and methylpred- 
nisolone sodium succinate resulted in clin- 
ical and radiographic improvement. While 
hospitalized, the patient developed sponta- 
neous bilateral pneumothoraces, which 
were treated with placement of chest tubes 
and instillation of tetracycline for sclerosis. 
Mycobacterium avium-intracellulare was 
eventually isolated from BAL fluid. Ther- 
apy at the time of discharge on November 
18 included weekly aerosolized pentami- 
dine, zidovudine, ketoconazole, isoniazid, 
clofazimine, pyrazinamide, and ethambutol 
hydrochloride. 

In June 1988, vision became impaired in 
the patient’s left eye. Cytomegalovirus re- 
tinitis was diagnosed, and the patient was 
treated with ganciclovir. In October, he 
complained of severe headaches. A CT scan 
showed cortical atrophy with no localized 
masses or hemorrhage. The patient refused 
further evaluation. 


The headaches did not remit. Acute men- 
tal status changes prompted hospitaliza- 
tion on November 30, 1988. On physical 
examination the patient was afebrile, le- 
thargic, and disoriented. His speech was 
slurred, he answered questions inappropri- 
ately, and he was unable to read. There were 
no focal neurologic signs. A CSF specimen 
collected December 1 was acellular; the 
protein level was 0.58 g/L; the glucose level 
was 3.1 mmol/L; and the latex test for de- 
tection of cryptococcal antigen was nega- 
tive. On December 2, the patient’s temper- 
ature was 39.3°C, and he complained of 
headache. An electroencephalogram re- 
vealed diffuse slow-wave abnormalities and 
intermittent slowing in the left middle and 
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posterior temporoparietal regions. A CT 
scan showed moderate cerebral atrophy 
and decreased attenuation in the posterior 
periventricular white matter, which was 
interpreted as gliosis and/or hypoperfu- 
sion-related demyelination. The MRI scan 
findings of diffuse mild atrophy with in- 
creased signal intensity in the periventric- 
ular white matter and focally in the left 
parietal white matter and left internal 
capsule were considered most consistent 
with progressive multifocal leukoencepha- 
lopathy and less likely with infarction. The 
patient remained febrile, and on December 
11 seizure activity with clonic movements 
on the left side occurred. Later that day he 
experienced cardiopulmonary arrest and 
was resuscitated, but he died the following 
day. 

External examination at autopsy re- 
vealed a cachectie young adult man. Sero- 
sanguineous effusions were present in both 
pleural cavities (350 mL, right; 150 mL, left) 
and in the pericardial sac (70 mL). The right 
and left lungs weighed 1200 g and 800 g, re- 
spectively; the pulmonary parenchyma was 
congested with focal areas of consolidation. 
The liver (2400 g) and spleen (220 g) were 
enlarged, and scattered throughout the pa- 
renchyma of both were multiple small (0.5- 
cm) calcified nodules. Similar-appearing 
nodules were present in both kidneys. The 
brain weighed 1240 g, and the lepto- 
meninges were opaque and thickened. 
Three abscesses, ranging in size from 1.0 cm 
to 2.0 cm in greatest diameter, were present 
in the left parietal lobe. 

Viewed microscopically, sections of lung 
taken from areas of consolidation showed 
diffuse alveolar damage, characterized by 
desquamated hemosiderin-laden macro- 
phages and intra-alveolar hemorrhage. Fo- 
cally within the lung parenchyma, liver, 
and kidneys, and scattered throughout the 
spleen and thoracic lymph nodes, there 
were small well-circumscribed areas of cal- 
cification, some of which were surrounded 
by granulomatous inflammation. Special 
stains for microorganisms were negative. 
Sections of the brain abscesses demon- 
strated necrosis, hemorrhage, reactive gli- 
osis, and dichotomously branching septate 
hyphae within the parenchyma and with a 
proclivity for blood vessel wall invasion. 
Cultures of brain tissue yielded A flavus. 


COMMENT 


Infections of the CNS are frequent 
complications of AIDS. Most of these 
are viral in origin. Toxoplasma gondii 
and Cryptococcus neoformans are the 
most frequently encountered nonviral 
pathogens. Neurologic syndromes 
caused by other fungi or bacteria are 
much less common. In particular, As- 
pergillus infection of the CNS is rare: 
we were able to identify only six previ- 
ously reported cases. Four involved 
cerebral lesions," one involved 
meningitis,’ and in one the site of 
involvement was not specified. To 
these cases, we add two involving ce- 
rebral lesions and one in which the 
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spinal cord was involved. Neither the 
laboratory parameters nor the clinical 
course of the patient with A fumigatus 
meningitis was described; therefore, 
Aspergillus meningitis will not be fur- 
ther discussed. 

The clinical course and laboratory 
findings are well outlined for three of 
the six patients with cerebral as- 
pergillosis, including two of the three 
patients described herein and the one 
described by Henochowicz et al. The 
latter patient had A fumigatus en- 
docarditis and myocarditis. Although 
the brain lesion was not described, it 
most likely represented an embolus 
from the mycotic endocardial vegeta- 
tion. None of these three patients ini- 
tially presented with localizing neuro- 
logic signs. All were febrile, and 
headache was a major complaint for 
two, one of whom developed acute 
mental status changes approximately 
1 month after the onset of headaches. 
However, focal signs were present ter- 
minally (3 days or less before death) in 
all three. Two patients (our patient 2 
and the one described by Henochowicz 
et al) had disseminated aspergillosis, 
and the third (our patient 3) had local- 
ized CNS involvement. 

The findings of CSF examination in 
these three patients were nondiagnos- 
tic. In one case the CSF was normal, in 
one the protein level was slightly ele- 
vated, and the third had a striking 
neutrophilic pleocytosis (white blood 
cell count, 1160 X 10°/L, with 0.73 neu- 
trophils) and an elevated level of pro- 
tein. All CSF cultures were sterile. 
Radiographic findings in these three 
cases were similar. The CT scan of the 
patient described by Henochowiez et 
al" was consistent with an infarct, and 
in both of our patients the CT scan 
showed multiple hypodense nonen- 
hancing lesions and cerebral atrophy. 
The MRI scan performed in our patient 
3 revealed increased signal intensity, 
primarily in the white matter, and was 
interpreted as consistent with pro- 
gressive multifocal leukoencephalopa- 
thy or, less likely, with infarction. 

Both the clinical and roentgeno- 
graphic features of cerebral as- 
pergillosis differ from those of toxo- 
plasmosis and primary lymphoma, 
which are the two most commonly oc- 
curring intracranial mass lesions in 
patients with AIDS. Patients with tox- 
oplasmosis and lymphoma infre- 
quently present with fever and head- 
ache. The typical CT findings of toxo- 
plasmosis are multiple enhancing 
nodules or rings, although nonenhanc- 
ing lesions are rarely seen.? Computed 
tomographie examination of a pa- 
tient with primary CNS lymphoma 
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typically reveals nodular or ring-en- 
hancing lesions in the deep periven- 
tricular tissue. Therefore, on the ba- 
sis of clinieal and radiographic find- 
ings, cerebral aspergillosis should be 
differentiated from toxoplasmosis and 
lymphoma. 

To our knowledge, case 1 is the first 
documentation of spinal cord involve- 
ment with Aspergillus. The infection 
described was a direct extension from 
a primary pulmonary focus. The pro- 
cess extended along the length of the 
spinal cord, and at the base of the brain 
the fungus invaded blood vessels, with 
resultant cortical infarcts. The patient 
in case 1 presented with severe, unre- 
mitting back pain and progressive 
muscle wasting and sensory loss in the 
distal lower extremities, mimicking 
the peripheral nervous system syn- 
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dromes that are seen in patients with 
AIDS. Terminally, he was unable to 
move his lower extremities, and he de- 
veloped mental status changes. The 
results of laboratory studies were non- 
diagnostic. There was a neutrophilic 
pleocytosis of the CSF with an elevated 
protein level but sterile cultures. The 
CT scan of the head was normal; the 
MRI scan of the spine showed degen- 
erative joint disease and spondylitic 
changes. 

. Therarity of Aspergillus infection of 
the CNS may be related to regional 
factors. It is possible that infrequent 
reporting in the past was a result of the 
paucity of individuals with AIDS in 
the less populated central United 
States. Individuals living in this part 
of the country may be at greater risk to 
develop aspergillosis than are urban- 
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The prognosis of aspergillosis of the 
CNS in patients with AIDS is dismal. 
Even when the diagnosis was made 
ante mortem and the patient was 
treated with amphotericin B, therapy 
did not halt progression of the infec- 
tion. Moreover, appropriate duration 
of therapy has not been defined. Our 
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mg three times per week) for approx- 
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eradicated nor prevented spread of the 
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definitive recommendation can be 
made, it appears that extended treat- 
ment will be essential. 
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Morphometric Studies in Dominant Olivopontocerebellar 


Atrophy 


Comparison of Cell Losses With Amino Acid Decreases 


E. M. Bebin, MD; J. Bebin, MD, PhD; R. D. Currier, MD; E. E. Smith, MD; T. L. Perry, MD 


e We present a correlation of the mor- 
phometric cell density analysis with previ- 
ous biochemical findings for the inferior 
olivary nucleus and Purkinje cell layer of 
the cerebellum from 10 patients (three 
kindreds) with dominant olivopontocere- 
bellar atrophy. We have analyzed brain 
amino compounds of these patients and 
found a decrease of aspartic acid and glu- 
tamic acid in the cerebellar cortex and of 
aspartic acid in the inferior olives. The cell 
density analysis revealed decreased cell 
counts, with a mean of 3496 of olivary cells 
and 42% of Purkinje cells surviving when 
compared with 10 control brains. The cell 
counts were then correlated with the 
amino acid analyses. The correlation co- 
efficient for aspartic acid content and sur- 
viving neurons in the inferior olive was .87 
and that for aspartic acid content and 
Purkinje cell density was .86. Comparison 
of glutamic acid content and Purkinje cell 
density yielded a correlation coefficient of 
.75. The correlations appear to indicate a 
relationship between these particular cells 
or the area they occupy and the decreased 
content of the two amino acids. 

(Arch Neurol. 1990;47:188-192) 


Tre hereditary cerebellar ataxias are 
clinically a heterogeneous group 
with ataxia as the prominent clinical 
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manifestation. Various classifications 
of cerebellar ataxia have been pro- 
posed on the basis of the inheritance 
pattern, clinical symptoms, and neu- 
ropathological or neurochemical find- 
ings. 

Most of the anatomically verified 
cases of the common type of adult- 
onset ataxia, olivopontocerebellar at- 
rophy (OPCA), are familial with a 
pattern of dominant inheritance. In 
1891 Menzel' described the prototype 
of this form. A nonhereditary OPCA, 
the “sporadic” form, was described by 
Dejerine and Andre-Thomas? in 1900. 

Based on genetic, clinical, and 
pathological data, Konigsmark and 
Weiner’ classified OPCA into five 
groups. Their classification is widely 
used, although others have been sug- 
gested (Barbeau, Harding,’ Currier‘) 
and there is currently no agreement on 
the classification of OPCA. Recently, 
attempts have been made to define and 
distinguish the hereditary ataxias on 
the basis of possible biochemical and 
genetic criteria, including lipid, enzy- 
matic, and amino acid-neurotrans- 
mitter deficiencies, and by linkage 
studies. 

Probably an abnormal genetic fac- 
tor selectively affects some essential 
element or elements of the central 
nervous system that then degenerate. 
This could be at enzymatic subcellular 
levels giving a deficiency of a vital 
constituent, such as an amino acid, 
starting events leading to a system de- 
generation. The time of onset of the 
degeneration is unknown but the clin- 
ical onset is usually in adult life. 

Perry et al’* and Perry’ published 
the results of their biochemical analy- 


sis of a group of patients with heredi- 
tary OPCA, most of whom are mem- 
bers of three large kindreds studied at 
the University of Mississippi Medical 
Center, Jackson, referred to as fami- 
lies A, C, and O. Perry’ also analyzed 
members of the S' family. Clinical 
descriptions of the members of the C, 
O, and A kindreds are briefly outlined 
in Tables 1 through 3. 

Perry's analysis revealed abnor- 
malities in four amino acids, y-ami- 
nobutyric acid (GABA), aspartic acid, 
glutamic acid, and taurine. The GABA 
content in the cerebellar cortex was 
reduced in most and was believed to 
reflect a loss of either Purkinje cell 
bodies or inhibiting interneurons or 
both. 

The aspartic acid content in the cer- 
ebellar cortex and in the inferior olive 
was somewhat reduced in members of 
the C, O, and S, but not in the A, ped- 
igrees. Glutamic acid was markedly 
reduced in the cerebellar cortex of 
eight patients with OPCA from pedi- 
grees C, O, and S, but was normal in 
patients from pedigree A. The C and S 
kindreds are proven to be linked to the 
HLA loci on the sixth chromosome and 
so would be expected to be similar 
chemiecally.'^' Linkage in the O and A 
kindreds is at this time neither proven 
nor disproven. Both, however, are clin- 
ically similar to the C and S kindreds 
and the log of the odds (LOD) scores, a 
measure of linkage, are gradually ris- 
ing in both kindreds as new informa- 
tion is added. 

In this article, for practical reasons, 
we direct our efforts to the morpho- 
metric analysis of the inferior olivary 
nucleus and the Purkinje cell layer of 
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the cerebellar cortex, the two clear-cut 
structures severely affected in OPCA. 
The reasons for this selection are the 
availability of the chemical findings 
and the relative ease of cell counting in 
the cerebellar cortex and inferior olive. 
Morphometry of the pontine nuclear 
groups was not possible because of the 
irregular scatter and clumping of the 
nuclei in the basis pontis, making stan- 
dardized counting difficult. 


MATERIALS AND METHODS 


At the laboratory of neuropathology of 
the University of Mississippi Medical Cen- 
ter, the brains of 13 patients affected with 
dominant OPCA from the A, C, and O ped- 
igrees have been studied. Ten brains (4 each 
from the A and C pedigrees and 2 from the 
O pedigree) were examined both neuro- 
chemically by one of us (T.L.P.) and by 
morphometric analysis. 

The brains of these patients were ob- 
tained within 6 hours after death. At the 
time of autopsy, each brain was divided in 
half along the middle sagittal plane. Half, 
including cerebrum, brain stem, and cere- 
bellum, was sent to the laboratory for bio- 
chemical analyses and the remaining half 
was fixed in 1075 formaldehyde solution for 
neuropathological evaluation. 

We present only the data on the four 
amino neurotransmitters, GABA, aspartic 
acid, glutamic acid, and taurine, which were 
(Perry et al?) present in abnormal amounts 
in the cerebellar cortex and the inferior ol- 
ive in some members of the four pedigrees. 

Brains of the patients with OPCA that 
met the following criteria were selected for 
morphometry: (1) histological sections of 
the inferior olive and the cerebellum were 
suitable for a morphometric analysis, and 
(2) biochemical data were available for the 
four amino compounds mentioned above. 
Three of the original 13 cases were excluded 
because they did not meet these require- 
ments. 

For the morphometric analysis, histolog- 
ical sections of the medulla containing the 
inferior olivary nuclei and the cerebellar 
cortex were made semiserially of 10-um 
thickness and stained with hematoxylin- 
eosin and by the Kluver-Barrera methods 
for cells and myelin. Every 10th section for 
a total of five sections of the inferior olive 
and cerebellum was analyzed. 

The sections of the cerebellum were pro- 
jected at a magnification of X160 onto a grid 
of parallel lines (1 em between each line). In 
every case, random Purkinje cell layer area 
neurons were counted using the linear den- 
sity method.” 

Only Purkinje cells with evident nucleoli 
were counted. The cell density of the Purk- 
inje cell layer was expressed in cells per 
unit length (millimeter). 

The inferior olive cell population was an- 
alyzed using the nearest neighboring 
method." The olivary cells were counted in 
five sections of 10-um thickness, taken from 
every 10th semiserial section of the me- 
dulla. Ten random areas in each section 
were selected and photographed at a mag- 
nification of X25 and enlarged to 20 X 25- 
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Table 1.—The C Family * 

















































Age at 
Death, y/ Age at Duration, Neuropathological 
Patient Sex Onset, y y Clinical Findings Findings 
C2 59/F 24 34 Imbalance, difficulty Severe atrophy of inferior 
(IV 56)t walking, speaking, and olives, pons, and 
swallowing, progressive cerebellum; mild cortical 
ataxia, hyperactive atrophy 
reflexes, decreased 
vibratory sense in lower 
extremities 
C5 58/F 32 26 Imbalance, slow speech, Atrophy of inferior olives, 
(IV 43)t progressive ataxia, pons, and cerebellum 
nystagmus 
C6 60/F 38 22 Progressive ataxia, Atrophy of inferior olives, 
(IV 47)t nystagmus, dysphagia pons, and cerebellum 
C7 58/F 38 20 Imbalance, slurred speech, Mild cortical atrophy; 





(IV 51)t progressive ataxia, 
dysphagia, decreased 
vibratory sense, 


nystagmus 


atrophy of inferior olives, 
pons, and cerebellum 








* This Southern Anglo-Saxon family has typical olivopontocerebellar atrophy. Gradual onset between 20 to 
40 years of age. The initial symptoms were imbalance, ataxia of limbs, and dysarthria. Examination revealed 
ataxia, dysarthria, nystagmus, increased tendon reflexes, and decreased vibratory sense in lower extremities. 
Long survival. HLA linkage on chromosome 6." F indicates female. 

+See Currier et al." 


Table 2.—The O Family* 


Age at 
Death, y/ Ageat Duration, 
Patient Sex Onset, y y 


01 60/M 36 24 


Neuropathological 
Findings 
Atrophy of inferior olives, 
pons, and cerebellum; 
pallor of posterior columns 


Clinical Findings 





Slurred speech, 
nystagmus, cerebellar 
ataxia, dysphagia, 


spasticity, progressive 
disability 

28 Progressive ataxia, 
decreased vibratory 
sense, hyperreflexia 
in lower extremities; 
wheelchair patient 
at 65 years 








Atrophy of inferior olives and 
pons; moderate cerebral 
arteriosclerosis 





*Family originated in Poland. Late onset of ataxia and long survival. Begins with imbalance, followed by pro- 
gressive ataxia, dysarthria, and dysphagia. Decreased vibratory sense in lower extremities. Slow course. M in- 
dicates male. 


Table 3.—The A Family* 


Age at 
Death, y/ Ageat Duration, 
Patient Sex Onset, y y 


45/F 25 20 


Neuropathological 
Findings 
Mild cortical 
atrophy; atrophy 
of inferior olives, 
pons, and cerebellum 
Atrophy of 
inferior olives, 
pons, and cerebellum; 
old left cereberal 
infarct 


Clinical Findings 


Unsteadiness, slurred 
speech, progressive 
ataxia, normal 
sensation, uremia 


Loss of balance, 
progressive ataxia, 
slurred speech, 
nystagmus; at age 
41 years, stroke; 
hypertension 

Staggering gait, 
progressive ataxia, 
dysarthria, decreased 
vibratory sense pallor of posterior 
lower extremities; columns in spinal 
at age 33 years, cord 
wheelchair patient 


Loss of balance and 
incoordination, 
slurred speech, slow 
progression, death 
from metastatic 
melanoma 











Atrophy of 
inferior olives, 
pons, and cerebellum; 








Atrophy of inferior 
olives, pons, and 
cerebellum; right 
frontoparietal 
metastatic melanoma 


* Southern Anglo-Saxon family. Onset may be in the 20s or later. Initial symptoms were imbalance, dysar- 
thria, and progressive limb ataxia. A few members have lower motor neuron signs, and all have hyperactive re- 
flexes. The course may be rapid, but usually lasts two decades. F indicates female; M, male. 
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Fig 1.—Cerebellar cortex of a 59-year-old woman with olivopontocer- 
ebellar atrophy (C2). Severe loss of Purkinje cells and gliosis (hematox- 


ylin-eosin, X 100). 





Fig 3.—Inferior olive of a patient with olivopontocerebellar atrophy (C2). 
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Severe loss of olivary neurons (Kluver-Barreda, X 100). 


em (8 X 10-inch) prints for a final magnifi- 
cation of X160. The cell population density 
in each case is expressed in terms of cells 
per unit of olivary gray matter. Figures 1 
through 4 show the typical picture of Purk- 
inje cell and inferior olivary cell density in 
the patient and the control case. 


Control Cases 


Ten control cases were used for the mor- 
phometric analysis. These cases met the 
following criteria: (1) no history of neuro- 
logical disease, (2) no evidence of neuro- 
pathological lesion at the time of autopsy, 
and (3) age range between 30 and 60 years. 
The histological sections were processed, 
stained, and counted in the same manner as 
the cases with OPCA. 


Neurological Data 


Clinically and pathologically the three 
families are similar, both among them- 
selves and among other miscellaneous 
smaller kindreds under study. We believe 
that they can be considered as one entity 
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and represent the common variety of OPCA 
as seen in the United States. 


RESULTS 


The results of the morphometric 
analysis in the patients with dominant 
OPCA and the control group are shown 
in Table 4. 

The neuronal cell density in the in- 
ferior olive is expressed as cells per 
area (square millimeter) and the neu- 
ronal density in the Purkinje cell layer 
in the cerebellar cortex is expressed 
as cells per millimeter. The average 
neuronal density of Purkinje cells per 
unit length (millimeter) of the Purk- 
inje cell layer in the control group was 
3.69 + 0.49 (n = 10). A loss of Purkinje 
cells in the cerebellar cortex was ap- 
parent in all cases of dominant OPCA 
(between 1.08 and 2.28), with pedigrees 
C and O showing the greatest reduc- 
tion. The density of neurons in the in- 
ferior olive was also decreased in all 


toxylin-eosin, X 100). 





Fig 4.—Inferior olive of control case 8 (Kluver-Barreda, X 100). 


patients with OPCA (between 3.5 and 
31) as compared with the control 
group, with an average of 40.70 + 9.0 
(n = 10). The neuronal loss in the infe- 
rior olive was most severe in pedigree 
C, followed by pedigrees O and A, 
respectively. The true neuronal losses 
are probably greater than presented 
herein, since no allowance was made 
for loss of size of the specimen as a 
whole due to atrophy during life, an 
error that may be as great as 30%. The 
same shrinkage error to the same de- 
gree would be true for the chemical 
analyses, so the correlations should be 
correct. 

Perry et al? analyzed 36 amino com- 
pounds including GABA, aspartic acid, 
glutamic acid, and taurine in patients 
with OPCA, including this group. Val- 
ues are expressed in micromoles per 
gram wet weight of tissue (Table 5). 
There were abnormalities of GABA, 
aspartate, glutamic acid, and taurine, 
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Table 4.—Neuronal Cell Density * 


Inferior Olive, 

OPCA Patients Cells per Area 
C2 3.51 
5.29 


Cerebellar Cortex, 
Purkinje Cell Layer, Cells/mm 





1.54 





8.83 





5.77 





5.85 + 1.21 
O1 12.6 


1.48 + 0.125 
1.08 





02 4.94 


1.15 





8.77 + 3.83 


1.115 + 0.035 





Al 20.81 
A2 31.96 








A3 20.22 


1.85 
2.28 
1.75 











A4 23.3 


1.59 





Mean, SD 24.07 + 2.97 


Control cases 
1 (47/B/M) 


2 (44/B/M) 


40.09 
30.58 


1.87 + 0.25 





3.01 
3.18 





29.87 
50.45 


3 (39/W/F) 
4 (32/B/M) 


3.39 
4.17 





5 (40/W/F) 35.71 


3.59 





53.78 
51.65 
45.73 


6 (35/W/F) 
7 (53/B/M) 
8 (39/W/M) 


4.04 
3.27 
4.40 











33.85 
35.28 


9 (54/B/M) 
10 (44/B/M) 


3.58 
4.25 





Mean, SD 40.70 + 9.0 


3.69 + 0.49 





* OPCA indicates olivopontocerebellar atrophy; B, black, W, white; M, male; and F, female. 


Table 5.—Four Amino Acid Neurotransmitters in the Cerebellar Cortex and Inferior 


Olive in Olivopontocerebellar (OPCA) Patients * 


Aspartic Acid 
GABA 
Cerebellar 
Cortex 


Cerebellar 
Cortex 


0.68 
0.44 
0.60 


OPCA 
Patients 





1.53 
C6 0.88 





—— 
Inferior 
Olive 


0.43 
0.30 
0.43 


Glutamic Acid of 
Cerebellar Cortex 


7.79 
6.88 
TY 


Taurine of 
Cerebellar Cortex 


4.17 
5.89 
3.05 

















C7 0.94 
Mean, SD 


0.30 


1.29 
02 0.60 


0.61 
0.57 


0.11 
1.555 + 0.26 (0.505 * 0.15 0.32 + 0.13 6.755 + 1.31 
0.41 
0.36 


4.58 4.30 
4.23 + 0.8 
1.85 


2.83 








6.52 
4.88 








Mean, SD 


0.945 + 0.345 0.59 + 0.02 0,385 + 0.24 


5.7 + 0.82 2.34 + 0.49 





1.66 1.57 0.74 10.83 


2.74 








0.83 9.10 


1.57 





0.64 9.15 


3.52 


Mean, SD 1.28 + 0.14 


1.26 + 0.16 0.80 + 0.12 


8.92 + 0.88 2.44 + 0.87 





Control Cases (26) (Perry et al^?) 
1.65 + 0.08 


* GABA indicates y-aminobutyric acid. 


1.32 + 0.16 0.45 + 0.19 





9.05 + 0.32 2.65 + 0.20 





tBiochemical data from Perry.? Values are given in micromoles per gram of wet weight. 


but no abnormalities of the other 32 
amino compounds analyzed. The con- 
trol values for amino compounds are 
from Perry's published articles. 
y-Aminobutyric acid content in the 
cerebellar cortex was mildly reduced 
in most of the patients with OPCA. 
The GABA content of the cerebellar 
cortex was 1.65 + 0.08 umol/g of wet 
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weight in 26 control subjects, and 
1.14 + 0.18 in six patients with OPCA 
from pedigrees C and O; it was not sig- 
nificantly reduced in pedigree A. The 
reduction of GABA in the cerebellar 
cortex may reflect a loss of either 
Purkinje cell bodies or inhibiting neu- 
rons, or both? 

The aspartic acid content in the cer- 
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ebellar cortex in 26 control cases was 
1.32 + 0.16 umol/g of wet weight. In 
six patients from pedigrees C and O, it 
was significantly reduced to 0.53 — 
0.06 umol/g of wet weight, but was 
normal in three of the four patients in 
pedigree A. The aspartic acid content 
in the inferior olivary nucleus was 
definitely reduced in single patients 
from pedigrees C and O, but was nor- 
mal in both the cerebellar cortex and 
the inferior olivary nucleus in the four 
patients from pedigree A. 

Cerebellar cortical glutamic acid 
content was 9.05 + 0.32 umol/g of wet 
weight in 26 control subjects but it was 
reduced to 6.40 + 1.27 in the eight pa- 
tients in pedigrees C and O. It was 
normal in the four patients from ped- 
igree A. 

Taurine content in the cerebellar 
cortex was normal in pedigrees O and 
A, and was elevated in four patients 
from pedigree C, 4.23 + 0.8. Mean tau- 
rine content for control subjects was 
2.65 + 0.20 umol/g of wet weight. 

Correlation coefficients (r) are as 
follows for three comparisons: Purk- 
inje cell density (cells per millimeter) 
and glutamic acid content in the cere- 
bellar cortex, 7 =.75; inferior olive 
neuronal density and aspartic acid 
content in the inferior olive, 7 = .87; 
and Purkinje cell density and aspartic 
acid content in the cerebellar cortex, 
r= .86. 

Standard statistical methods were 
used. 


COMMENT 


Perry’ proposed four biochemical 
subtypes of OPCA, each inherited as 
an autosomal dominant trait. In dis- 
order 1, found in pedigree C," there is 
a decrease of aspartate, glutamate, 
and GABA and an increase in taurine 
in the cerebellar cortex, and a de- 
creased GABA content in the dentate 
nucleus. Disorder 2, found in pedigree 
O, exhibits the same biochemical ab- 
normalities as disorder 1 but without 
an increase of taurine content in the 
cerebellar cortex. 

Disorder 3, found in pedigree A, is 
characterized by a lesser reduction of 
GABA in the dentate nucleus than in 
disorders 1 and 2. There is no abnor- 
mality of aspartate, glutamate, or tau- 
rine in the cerebellar cortex. Disorder 
4, found in the S” pedigree, was char- 
acterized by a greater reduction of as- 
partate and glutamate in the cerebel- 
lum than that in disorders 1 and 2, by 
a greater reduction of GABA in the 
dentate nucleus, and by important de- 
ficiencies of glutamate in other brain 
regions. The S and C pedigrees show 
linkage to the HLA loci on the sixth 
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chromosome,"! but linkage is not 
proven so far for pedigrees A and O, 
although the log of the odds (LOD) 
score is rising for both as the years go 
by. This study does not supply enough 
data to either support or refute the 
possibility of four disorders suggested 
by Perry,’ but the possibility that the 
biochemical differences, although real, 
are simply variations on a single ge- 
netic mutation should be considered. 

Kanazawa et al^ measured concen- 
trations of glutamate, aspartate, and 
GABA in the postmortem cerebellar 
cortex and brain-stem nuclei of 10 con- 
trol subjects and five patients with mul- 
tiple system atrophy-OPCA, and two 
patients with cortical cerebellar atro- 
phy. Multiple system atrophy-OPCA 
is of unknown relationship to OPCA as 
presented herein. The neuronal cell 
densities in the brain-stem nuclei and 
the cerebellar cortex were correlated 
with the amino compound contents of 
the same regions. The glutamate con- 
tent in some cases of multiple system 
atrophy-OPCA was lower than that of 
the control subjects, and the aspartate 
concentration in the inferior olive was 
decreased in case 5 but was normal or 
slightly decreased in other patients. 
The morphometric analysis revealed a 
loss of Purkinje cells in the inferior 
olive in all cases of multiple system 
atrophy-OPCA studied. 

Kanazawa et al^ found the correla- 
tion between glutamate content and 
neuronal cell loss in the cerebellar 
cortex and nuclei and brain-stem nu- 
clei to be variable, and they were 
unable to define a characteristic ab- 
normality of glutamate in these pa- 
tients, in contrast with  Perry's 
findings.’ The reduction of glutamate 
content in the cerebellar cortex was 
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interpreted by Perry as being caused 
by a loss of afferent mossy fibers or 
granule cell interneurons and their 
parallel fiber terminals. Kanazawa et 
al? found a correlation between gluta- 
mate content in the cerebellar vermis 
and granule cell density and regarded 
the glutamate content of cerebellar 
cortex as one of the markers of granule 
cell population and function. 
Aspartate may be the excitatory 
neurotransmitter of the climbing fi- 
bers that originate in the inferior olive 
and whose terminals synapse with 
Purkinje cell dendrites in the cerebel- 
lar cortex. Perry et al reported a 
marked decrease of aspartate in the 
cerebellar cortex in pedigrees C and O, 
and this study demonstrates a positive 
correlation coefficient (r-.87) be- 
tween cell density and aspartate con- 
tent in the inferior olive and between 
Purkinje cell density and aspartate 
content in the cerebellar cortex 
(7 = .86). A lesser correlation coeffi- 
cient of r= .57 for aspartate content 
and cell density in the inferior olive 
was found by Kanazawa et al." 
Plaitakis et al'* and Plaitakis'* pos- 
tulate that some patients with OPCA 
have impaired ability to oxidize di- 
etary glutamate, resulting in an accu- 
mulation of potentially toxic amino 
acids such as glutamate, causing the 
neuronal degeneration that occurs in 
OPCA. Their patients with OPCA are 
not similar to ours—there was no evi- 
dence of dominant transmission. Their 
patients may represent a sporadic va- 
riety of adult ataxia. Recently Green- 
amyre” also described the role of in- 
creased glutamate plasma levels in 
OPCA and their possible neurotoxic 
effects. The mechanism of this “exci- 
totoxic" effect of glutamate on neurons 
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is not known. Further studies will be 
necessary to test this hypothesis. 

y-Aminobutyric acid, released at 
Purkinje cells’ synapses at the dentate 
nucleus, is also considered an inhibi- 
tory neurotransmitter of cerebellar in- 
terneurons (Golgi and basket cells). 
Perry’ reported a reduction of GABA 
content in the cerebellar cortex of 
patients with OPCA, consistent with 
a loss of either Purkinje cells or of 
inhibitory interneurons, or both. 
Kanazawa et al^ and we could not con- 
firm this assertion because of the dif- 
ficulty in counting interneurons in the 
cerebellum. 

Recently, Angelatou et al? studied 
the cerebellar localization of L-aspar- 
tate and L-glutamate binding sites in 
normal and “nervous” mutant mouse 
cerebellar membranes. They found an 
age-related decrease of specific bind- 
ing sites for the two amino acids in the 
Purkinje cell membranes that coin- 
cides in time with the Purkinje cell de- 
generation and suggests that the de- 
crease in specific binding corresponds 
to the loss of binding sites on the 
Purkinje cells and is consistent with 
the suggestion that L-aspartate serves 
as a neurotransmitter of climbing fi- 
ber terminals and that L-glutamate is 
the neurotransmitter of the parallel 
fiber terminals. 
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none guis crospovidone, FD&C Blue #1, magnesium stearate, microcrystalline cellulose, povidone, pregelatinized starch 
and stearic ac 
Butalbital, 5-allyl-5-1sobutylbarbituric acid, a white, odorless, crystalline powder having a slightly bitter taste, is a short to intermediate- 
acting barbiturate 
Acetaminophen, 4'-hydroxyacelanilide, is a non-opiate, non-salicylate analgesic, and antipyretic which occurs as a white, odorless, 
Crystalline powder possessing a slightly bitter laste. 
Caffeine, 1,3,7-trmethylxanthine, is a central nervous system stimulant which occurs as a white powder or white glistening 
needles. It also has a bitter taste. 
CLINICAL PHARMACOLOGY 
Pharmacologically Fioricet® combines the analgesic properties of acetaminophen-caffeine with the anxiolytic and muscle relaxant 
properties of butalbital 
INDICATIONS AND USAGE 
Fioricet® is indicated for the relief of the symptom complex of tension (or muscle contraction) headache 
CONTRAINDICATIONS 
Hypersensitivity to acetaminophen, caffeine or barbiturates. Patients with porphyria 
PRECAUTIONS 
General: Barbiturales should be administered with caution, if at all, to patients who are mentally depressed, have suicidal tendencies, 
or a history of drug abuse. 
Elderly or debilitated patients may react to barbiturates with marked excitement, depression, and confusion. In some persons, 
barbiturales repeatedly produce excitement rather than depression 
Information for Patients: Practitioners should give the following information and instructions to patients receiving barbiturates 
A The use of barbiturates carries with it an associated risk of psychological and/or physical dependence. The patient should 
be warned against increasing the dose of Ihe drug without consulting a physician 
B. Barbiturates may impair mental and/or physical abilities required for the performance of potentially hazardous tasks (e.g, driving, 
operating machinery, elc.) 
C. Alcohol should not be consumed while taking barbiturates. Concurrent use of the barbiturales with other CNS depressants 
e.g. alcohol, narcotics, tranquilizers, and antihistamines} may result in additional CNS depressant effects 
Drug Interactions: Patients receiving narcotic analgesics, antipsychotics, antianxiety agents, or other CNS depressants (including 
alcohol) concomitantly with Fioricet® may exhibit additive CNS depressant effects 





Drugs Effect 
Butalbital w/coumarin anticoagulants Decreased effect of anticoagulant because of increased metabolism resulting from 
enzyme induction 


Butalbital witricyclic antidepressants Decreased blood levels of the antidepressant 


Usage in Adequate studies have no! been performed in animals to determine whether this drug affects fertility in 
males or females, has teratogenic potential or has other adverse effects on the fetus. There are no well-controlled studies in 
pregnant women. Although there is no clearly defined risk, one cannot exclude the possibility of infrequent or subtle damage 
to the human fetus. Fioricet® should be used in pregnant women only when clearly needed. 
Nursing Mothers: The effects of Fioricet® on infants of nursing mothers are nol known. Barbiturates are excreted in the breast 
milk of nursing mothers. The serum levels in infants are believed to be insignificant with therapeutic doses 
Pediatric Use: Safety and effectiveness in children below the age of 12 have not been established 
ADVERSE REACTIONS 
The most frequent adverse reactions are drowsiness and dizziness. Less frequent adverse reactions are lightheadedness and 
gastrointestinal disturbances including nausea, vomiting, and flatulence. Mental confusion or depression can occur due to intolerance 
or overdosage of butalbital 
DRUG ABUSE AND DEPENDENCE 
Prolonged use of barbiturates can produce drug dependence, characterized by psychic dependence and tolerance, The abuse 
liability of Fioricet® is similar to that of other barbiturate-containing drug combinations. Caution should be exercised when prescribing 
medication for patients with a known propensity for taking excessive quantities of drugs, which is not uncommon in patients with 
Chronic tension headache 
OVERDOSAGE 
The toxic effects of acute overdosage of Fioricel are attributable mainly to its barbiturate component, and, to a lesser extent, 
acetaminophen. Because toxic effects of caffeine occur in very high dosages only the possibility of significant caffeine toxicity 
from Fioricet® overdosage is unlikely 
Barbiturate 
Signs and Symptoms: Drowsiness, confusion, coma; respiratory depression, hypotension, shock 
Treatment 
1. Maintenance of an adequate airway, with assisted respiration and oxygen administration as necessary 
2 Monitoring of vital signs and fluid balance 
3. It the patient is conscious and has not lost the gag reflex, emesis may be induced with ipecac. Care should be taken to prevent 
monary aspiration of vomitus. After completion of vomiting, 30 grams activated charcoal in a glass of water may be administered 
4. If emesis is contraindicated, gastric lavage may be performed with a cuffed endotracheal tube in place with the patient in 
the facedown position. Activated charcoal may be left in the emptied stomach and a saline cathartic administered 
5. Fluid therapy and other standard treatment of shock, if needed 
6. If renal function is normal, forced diuresis may aid in the elimination of the barbiturate. Alkalinization of the urine increases 
renal excretion of some barbiturates, especially phenobarbital 
7. Although not ees as a routine procedure, hemodialysis may be used in severe barbiturate intoxication or if the patient 
is anuric or in sl 


Acetaminophen 
Signs and Symptoms: In acute acetaminophen overdosage, dose-dependent, potentially fatal hepatic necrosis is the most serious 
adverse effect. Renal tubular necrosis, hypoglycemic coma, and thrombocytopenia may also occur. 

In adults, hepatic toxicity has rarely been reported with acute overdoses of less than 10 grams and fatalities with less than 
15 grams. mone Yow s pola [ome to ofa fect of an E Dee 

a uh nausea, vomiting, diaphoresis, and gener 
malaise. Clinical and laboratory evidence of hepatic toxicity may not be eect until 48-72 hours oman 
Treatment: The stomach should be emptied promptly by lavage or by induction of emesis with syrup of ipecac. Patients’ estimates 
of the quantity of a drug ingested are notoriously unreliable. Therefore, if an acetaminophen overdose is suspected, a serum 
acetaminophen assay should be obtained as early as possible, but no sooner than four hours following ingestion. Liver function 
studies should be obtained initially and repeated at 24-hour intervals. 

The antidote, N-acetylcysteine, should be administered as early as possible, preferably within 16 hours of the overdose ingestion 
for optimal results, bul in any case, within 24 hours. Following recovery, there are no residual, structural or functional hepatic 
abnormalities. 

DOSAGE AND ADMINISTRATION 

One or 2 tablets every 4 hours as needed. Do not exceed 6 tablets per day 
HOW SUPPLIED 

Fioricet® (butalbital 50 mg, acetaminophen 325 mg, and caffeine 40 mg) is available as a light-blue, round compressed tablet, 
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The American Academy of Clinical Neurophysiology’s 


5th Annual Meeting 


will be held at The Westin Hotel, Boston, Massachusetts 


June 28 - July 1, 1990 


The program includes Special Lectures, 
Symposia, Breakfast Sessions, Workshops, and a 
Postgraduate EMG Course. 


Featured speakers will be A. Beric, 

I. Bodis- Wollner, J.B. Cracco, R. Q. Cracco, 

J. Desmedt, M. Dimitrijevic, S. Fitts, G. Goldberg, 
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D. Simpson and A. Sumner. 


The one day Basic Electromyography course will 
be held on July 1. Workshops will be held on two 
separate mornings prior to the scientific sessions. 
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abstract forms write: 
Marlene Richard Fairbanks; Massachusetts General Hospital: 
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Brain Glucose Metabolism in Postanoxie Syndrome 


Positron Emission Tomographic Study 


Anne G. DeVolder, MD; André M. Goffinet, MD, PhD; Anne Bol, PhD; 
Christian Michel, PhD; Thierry de Barsy, MD, PhD; Christian Laterre, MD, PhD 


€ Thirteen positron emission tomo- 
graphic studies of cerebral glucose utili- 
zation were carried out in 12 patients with 
postanoxic syndrome due to cardiac ar- 
rest. Seven subjects were in a persistent 
vegetative state. The 5 other subjects 
were normally conscious, but disclosed 
focal neurological signs. When compared 
with normal values, mean cerebral glucose 
metabolism was drastically decreased 
(+50%) in vegetative subjects, and to a 
lesser degree (+25%) in conscious pa- 
tients. The most consistent regional alter- 
ations were found in the parieto-occipital 
cortex (9 cases), the frontier between ver- 
tebral and carotid arterial territories, fol- 
lowed by the frontomesial junction (5 
cases), the striatum (3 cases with dysto- 
nia), thalamus (2 cases), and visual cortex 
(2 cases with cortical blindness). These 
data suggest that brain anoxia can result 
in global brain hypometabolism, which ap- 
pears related to the vigilance state, as well 
as in regional alterations preferentially lo- 
cated in arterial border zones. 

(Arch Neurol. 1990;47:197-204) 


obal brain anoxia has been shown 

to result in various neurological 
alterations. Pathological studies have 
demonstrated diffuse cerebral atrophy 
with variable neuronal loss and gliosis 
in the cerebral cortex, hippocampus 
(Sommer’s sector), thalamus, stria- 
tum, and cerebellum (Purkinje cell 
loss).? The cortical damage may be 
due to scattered areas of infarction or 
laminar necrosis, especially in occipi- 
tal and hippocampal regions; while 
extensive demyelination in the cere- 
bral white matter is another conse- 
quence of severe hypoxic brain 
injury^^ Even when taking into ac- 
count artifacts of autopsy material, 
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the regional distribution and the se- 
verity of anatomic lesions vary widely, 
and may result partly from events not 
directly associated with the anoxic ep- 
isode, such as embolic infarctions and/ 
or infection during a prolonged vege- 
tative state. As a consequence, corre- 
lations between the extent of neuronal 
damage and clinical status, particu- 
larly the vegetative state,’ are difficult 
to establish, and the prognostic evalu- 
ation of functional recovery remains 
unreliable. 

There is ample evidence that normal 
brain activities, as well as most patho- 
logical processes, are accompanied by 
modifications of energy metabolism,*° 
and that cerebral blood flow, oxygen 
utilization, and glucose metabolism 
are coupled in most circumstances. It 
is, therefore, reasonable to consider 
that a metabolic mapping of the brain 
provides valuable information about 
residual cerebral function after brain 
anoxia, and might turn out to have 
prognostic value. In order to better 
understand the consequences of an- 
oxia on brain metabolism, regional ce- 
rebral glucose utilization was studied 
in 12 patients with postanoxie syn- 
drome, using positron emission tomog- 
raphy (PET) with fluorodeoxyglucose 
(FDG) as the tracer. Studies were car- 
ried out at least 1 month after the an- 
oxic episode due to cardiac arrest (is- 
chemic anoxia). The data show that 
global ischemic anoxia may result in 
diffuse brain hypometabolism, which 
appears related to the vigilance state, 
as well as in more selective regional 
metabolic alterations in cerebral areas 
located at the frontier between vascu- 
lar territories. 


PATIENTS, MATERIALS, AND METHODS 
Patients 


Twelve patients, 4 women and 8 men 
(mean age, 43.5 + 15.2 years), were selected 
for study. One subject underwent a cardiac 
arrest in the hospital (with electrocardio- 
graphically confirmed asystolia during at 
least 5 minutes, followed by collapse with 
an arterial pressure of, at most, 60 mm Hg 
during 45 minutes). All other subjects were 
comatose when admitted, following cardiac 
arrest that occurred out-of-hospital and 


whose precise duration of arrest could not 
be documented. Positron emission tomo- 
graphic examinations were carried out at 
least 1 month after the accident. Seven 
subjects were still in a vegetative state 
(eyes-open wakefulness without evidence of 
cognitive awareness). The others had re- 
gained normal consciousness, but disclosed 
various residual neurological signs (Table 
1). Patient 1 was studied twice, first in a 
vegetative state, and then, after some re- 
covery, in a state of severe disability (con- 
scious but dependent on others for aspects 
of daily function). Neurological histories 
were negative, with the exception of subject 
8, who had experienced several previous 
episodes of drug intoxication, and patient 
12, who underwent two episodes of general- 
ized seizures at 16 years of age. Common 
infectious and metabolic diseases, head 
trauma, or deep brain tumors were ruled 
out by anamnesis, clinical examination, and 
biological analyses. X-ray computed tomo- 
graphic scans were normal in 7 cases and 
showed discrete, diffuse cortical atrophy in 
4 patients (Table 2). In addition, bilateral 
pallidal hypodensities were found in pa- 
tient 6, who had dystonic movements of the 
four limbs. Magnetic resonance imaging 
available in 6 cases, yielded comparable re- 
sults and, in addition, disclosed focally in- 
creased T,-weighted signal intensity in the 
white matter in 3 cases (patients 6, 8, and 
12), especially in the posterior limb of the in- 
ternal capsule (patients 8 and 12), suggest- 
ing the presence of demyelination. Bilateral 
hyperintensity in the globus pallidus was 
observed in the two patients with major 
limb dystonia (patients 6 and 9). Positron 
emission tomographic measurements in pa- 
tients were compared with those obtained 
in 16 neurologically normal volunteers 
(mean age, 55.6 + 14.5 years). Subjects or 
their families gave their informed consent 
before the PET study, the protocol of which 
had been approved by the Medical Ethics 
Committee of the University of Louvain 
(Belgium). A summary of the clinical data 
is provided in Tables 1 and 2. 


PET 


The FDG autoradiographic method for 
measurement of glucose utilization was 
implemented exactly as described.’ Sub- 
jects fasted for at least 2 hours before the 
study, with the exception of 3 patients (pa- 
tients 1a, 2, and 5) who received a perfusion 
of physiological saline with 5% glucose 
during the study. Plasma glucose levels did 
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ative rates by more than 2 SDs from control 
values (Table 3). 
RESULTS 

Absolute and relative glucose utili- 
zation rates, estimated in various 
brain anatomic divisions in postanoxic 
and control subjects, are shown in Ta- 
ble 3. Relative metabolic rates were 
calculated in order to minimize the ef- 
fect of individual variations in global 
glucose metabolism and to facilitate 
the comparison of metabolic patterns 
between patients and the control pop- 
ulation. 

Mean gray glucose utilization, mea- 
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sured over large areas of gray matter, 
averaged 29.4 + 8.9 (SD) umol/(100 
g-min) in patients, vs 50.5 + 6.1 (SD) 
umols/(100 g. min) in control subjects 
(Fig 1). It should be noted that, when 
patients were compared individually 
with the control sample, mean gray 
glucose metabolism was significantly 
decreased mainly in vegetative sub- 
jects (23.5 + 4.3, P « .001). In patients 
who had a normal level of conscious- 
ness, the decrease of mean gray me- 
tabolism appeared less drastic, al- 
though in 4 conscious subjects (pa- 
tients 1b, 10, 11, and 12) mean gray 


metabolism was also decreased at a 2- 
SD level. Moreover, mean gray meta- 
bolic rates in vegetative and conscious 
postanoxic patients differed signifi- 
cantly (28.5 + 4.3 vs 36.2 + 7.9 umol/ 
100 g-min, P = .011). This difference 
remained significant (23.5 + 4.3 vs 
32.0 + 4.7, P = .042) when subjects 8 
and 9, who had normal mean gray me- 
tabolism (Table 3), were not included. 
In addition, metabolic rates in con- 
scious patients appeared more vari- 
able than in vegetative cases, although 
this difference did not reach a signifi- 
cant level (F test), probably due to the 
limited number of subjects. 

The regional glucose utilization 
rates (metabolic maps) demonstrated 
significant hypometabolism (overall 
significance level of .05) in all regions 
studied, including frontal, frontome- 
sial, temporal, parieto-occipital and 
visual cortical areas, striatum, thala- 
mus, and cerebellum, but no obvious 
asymmetry was found. Relative glu- 
cose metabolic rates, expressed in per- 
cent of mean gray metabolism, showed 
a significant decrease of glucose utili- 
zation at the level of the parieto-occip- 
ital cortex only (Fig 2), while other 
cortical areas, striatum, thalamus, and 
cerebellum were not significantly af- 
fected (t test with the Bonferroni cor- 
rection, comparison of 8 regions of in- 
terest at an overall significance level of 
.05). In order to take into account indi- 
vidual variations in the distribution of 
regional anomalies, patients were also 
compared with control subjects indi- 
vidually by using the 2-SD criterion, as 
described in the “Patients, Materials, 
and Methods” section. In relative 
terms, significant hypometabolism 
(noted by an asterisk in table 3) was 
found at the level of the parieto-occip- 
ital cortex in 9 of the 12 patients. 
Frontal and frontomesial cortical ar- 
eas were involved in 5 patients (pa- 
tients 1, 6, 7, 8, and 12). Absolute, as 
well as relative, hypometabolism was 
found in the visual cortex in two cases 
with clinically evident cortical blind- 
ness (patients 9 and 10). In addition, 
metabolism in visual cortex was also 
decreased in 2 vegetative patients (pa- 
tients 3 and 5) with suspected cortical 
blindness (alterations of visual-evoked 
potentials and absence of blinking re- 
flex to threat). Three patients with ax- 
ial and limb dystonia (patients 6, 8, and 
9) had prominent striatal hypometab- 
olism. In the thalamus, absolute glu- 
cose utilization was decreased in all 
vegetative cases, but no relative meta- 
bolic alterations were found, except 
during the second study of patient 1 
and in patient 12. Interestingly, in 
patient 1, repeated studies showed a 
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Table 2.—Neuropsychological Tests, Electrophysiology, Medications, 








Patients 
PEPPER MEET ee MP ERU mea A HEU. ee eS c E 
Clinical Features Categories 1a 1b 2 3 4 5 6 
Sex/age, y M/39 +6 mths M/51 F/48 M/54 M/76 M/33 
Neuropsychological examination 
Disorientation — = absent; NA T4 NA NA NA NA NA 
+ = mild; 


++ = moderate; 
+++ = severe 
Memory impairement — = absent; NA +++ NA NA NA NA NA 
+ = mild; 
++ = moderate; 
+++ = severe 
Apraxia — = absent; NA ++ NA NA NA NA NA 
+ = mild; 
++ = moderate; 
+++ = severe 


Cortical blindness — = absent; NA =- NA Suspected* NA Suspected* NA 
+ = present 

EEG: background activity: Rhythmicity (Hz) 6-7 Hz 9-10 Hz 4.5-5.5 Hz D NA 3-4 Hz 3-4 Hz 4-5 Hz 

EEG pattern: D = disorganized; D D D DS D 

S — spike 
(epileptic) discharges 

Evoked potentials: Abnormal, reduced Normal BAEPs NA VEPs SEPs VEPs SEPs 
amplitude or cortical SEPs (VEPs) SEPs (VEPs) 
responses distorted 

CT scanner: Cortical atrophy: Normal Normal + Normal + TT Pallidal 
+ =mild; hypodensities 


++ = moderate; 
+++ = severe 


Magnetic Resonance Imaging: Atrophy: Increased NA NA NA NA + NA - 

(spin echo, T2 wheighted signal intensity: = Pallidum 

sequences, 1.5 tesla) = centrum ovale 
Treatment: Fentanyl Haloperidol NA NA Dipyridamole Phenytoine Phenytoine 

(dose per day) 0.1 mg 2 mg NA 300 mg 250 mg ~ 
Medication at the time Saline perfusion +$ = a m] oad + - 

of PET: (Glucose 5%): other: - - - - - - - 


* Eyelid reflex: blinking to menace absent, to noise present, cortical blindness suspected. NA indicates not available or not testable. 


Table 3.—Absolute and Relative Metabolic Rates in Postanoxic and Control Subjects 








Patients Frontal cx Temporal cx Parieto-occipital cx Visual cx Frontomesial cx Striatum 
Absolute Values 
1a. 28.2* 27.8* 23.6* 31.8* 25.5* 27:7! 
ib. 24.9* 27.3* 32.0* 44.1 23.2* 29.2* 
2 20.9* 22.8* 21.3* 27.4* 23.2* 26.3* 
3 26.9* 21.0* 19.9* 21.8* 24.7* 21.9* 
4 33.3* 23.5* 18.1* 30.8* 32.4* 30.1* 
5 20.7* 17.8* 15.5* 15.9* 211*. 20.5* 
6 24.5* 27.7* 24.1* 39.9* 22.9* 24.5* 
7 19.8* 15.9* 16.6* 20.1* 14.4* 17.8 
8 44.6 45.2 50.6 60.3 41.0 37.3* 
9 41.8 43.6 25.3* 29.8* 39.8 25.4* v 
10 43.7 35.0* 24.8* 31.1° 41.9 43.4 
11 36.5* 34.9* 28.5" 41.7 33.2* 38.1* 
12 28.3* 25.6* 25.3* 33.0° 21.4° 26.8° 
Mean + SD 30.3 + 8.8 28.3 + 9.1 25.0 + 9.0 32.9 + 11.6 28.1 + 8.7 28.4 + 7.4 
Controls (n = 16) 
mean + SD 53.2 + 6.8 49.9 + 5.4 49.7 + 5.9 56.1 + 8.0 49.2 + 5.6 51.4 + 6.0 
Relative Values 
la 102.2 100.8 85.8* 115.2 92.5 100.5 
ib 86.7* 95.0 111.5 153.6 80.8* 101.7 
2 B6.8* 94.7 88.3* 113.7 96.4 109.3 
3 120.3 93.9 89.2* 97.6 110.6 97.9 
4 129.7 91.4* 70.5* 120.0 126.1 117.2 
5 115.0 98.8 86.3* 88.4° 117.5 113.7 
6 85.0* 96.1 83.5* 138.4 79.6* 85.2* 
7 111.1 89.2* 93.1 112.7 80.8* 99.7 
8 91.0* 92.4* 103.4 123.3 83.8* 76.2* 
9 103.8 108.4 62.8* 73.9* 98.8 63.1* 
10 12131 97.0 68.5* 86.0* 116.0 120.1 
11 101.2 97.0 79.2* 115.8 92.1 105.8 
12 96.3 93.9 92.6 120.9 78.5* 98.3 
Mean + SD 103.9 + 14.7 96.0 + 4.8 85.7 + 13.5 112.3 x 21.6 96.4 + 16.3 99.1+ 16.2 P 
Controls (n — 16) 
mean + SD 105.4 + 4.7 99.0 + 3.1 98.6 + 3.7 T4 20 SEA 97.6 + 5.4 102.0 + 6.0 


* Indicates deviation from control values by more than 2 SDs. Subject 1 was studied twice. cx indicates cortex. 
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27.8* A 257* 
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uc 34.9* 30.2* 40.3 
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27.4 t 9.1 28.3 + 7.2 29.4 + 8.9 
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discrete increase of mean gray glucose 
metabolism, and of relative parieto- 
occipital radioactivity, which paral- 
leled clinical evolution from the vege- 
tative state (study 1a) to a status of 
consciousness with severe disability 
(study 1b) Examples of metabolic 
maps found in postanoxic patients 2, 8, 
and 10, and in a normal volunteer are 
shown in Fig 3. 


COMMENT 


This study of brain glucose metabo- 
lism in patients with postanoxic syn- 
drome demonstrates the presence of a 
global brain hypometabolism, which 
appears related to the vigilance state, 
and of more selective hypometabolism 
in various cerebral areas, such as the 
parieto-occipital cortex (9 of 12 cases), 
frontomesial area (5 cases), striatum 
(3 eases), and visual cortex (2 cases). 
The following discussion will consider 
(1) the methodology used for metabolic 
measurements and its limitations, (2) 
the possible significance of a global 
decrease in glucose utilization in co- 
matose subjects, (3) possible explana- 
tions for the metabolic pattern ob- 
served, and (4) some implications of 
our findings regarding the prognosis of 
postanoxic lesions. 


Methodological Limitations 


The limitations of the autoradio- 
graphic PET/FDG method have been 
discussed extensively elsewhere.5? The 
rate and lumped constants used in this 
study have been applied before to the 
caleulation of glucose utilization in 
normal and presumably pathological 
brain tissue." Previous studies!'^' 
showed that metabolic rates measured 
by the autoradiographic and dynamic 
methods are largely consistent with 
each other, which would validate the 
use of standard rate constants kl 
through k4. Modifications of the 
lumped constant in postanoxic brain 
tissue represent an unknown source of 
error in our measurements, although 
Hawkins et al^ found only a minimal 
variation of the lumped constant in 
Stroke patients. In addition, studies of 
regional blood flow, oxygen utilization, 
and glucose metabolism in neurologi- 
cal diseases usually demonstrated 
comparable alterations suggesting 
that the coupling between FDG uptake 
and other parameters of metabo- 
lism'*? is mostly preserved in patho- 
logic brain tissue. Exceptions to this 
rule were found in brain tumors,? mi- 
tochondrial encephalomyopathy,? and 
acute ischemia.” Inasmuch as the 
present studies were carried out at 
least 6 weeks after the anoxic episode, 
the presence of a significant uncou- 
pling between the rates of glucose and 
oxygen utilization is unlikely. Another 
reservation concerns the possible use, 
in surviving brain tissue, of alternate 
substrates such as ketone bodies.” 
Although this was not taken into ac- 
count in our measurements, none of 
the patients studied had clinical or bi- 
ological evidence of ketonemia. Fi- 
nally, despite the fact that computed 
tomographic scan examinations did 
show some discrete and diffuse atro- 
phy in five patients, metabolic rates 
were not corrected for cerebral 
atrophy.” It should be noted, however, 
that the degree of cerebral atrophy 
was minimal and did not correlate 
with the regional distribution of met- 
abolic alterations. These reservations 
being made, the rest of the discussion 
will be based on the premise that the 
metabolic rates measured reflect the 
functional state of the tissue, in the 
broad sense, that is including cell den- 
sity. 


Mean Cerebral Glucose Utilization 


Studies of blood flow and metabo- 
lism following global anoxia have been 
carried out previously in man, using 
the xenon 133 method for measure- 
ment of cerebral blood flow and the 
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Fig 1.—Absolute values of glucose utilization (micro- 
moles per 100 g- min) calculated in large areas of cortical 
gray matter at the level of the basal ganglia, in control, 
vegetative, and conscious postanoxic patients. Cortical 
hypometabolism is found in vegetative patients and, to a 


% of Mean Gray Metabolism 


Frontal 
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lesser degree, in postanoxic conscious patients. Meta- 
bolic rates in the three populations are significantly differ- 
ent from each other (overall significance level of .05, un- 


paired f test with Bonferroni correction). 


arteriovenous difference for estima- 
tion of cerebral metabolic rates of ox- 
ygen utilization” and, more recent- 
ly, PET.***> In addition, the effects of 
transient global anoxia on regional 
cerebral blood flow and metabolism 
have been studied in various animal 
models.**** Some animal studies dem- 
onstrated an increase of glycolytic me- 
tabolism with lactic acid accumula- 
tion during the reperfusion period fol- 
lowing transient global ischemic 
anoxia.” Others suggested that in the 
early postischemic period, cortical gly- 
colytic and oxidative metabolism re- 
main closely coupled in most, presum- 
ably viable, cerebral areas. In man, 
PET analyses carried out in vegetative 
patients after cardiac arrest? dem- 
onstrated a greater variability in the 
decrease of regional cerebral blood 
flow than of glucose metabolism. Cere- 
bral blood flow measurements and es- 
timations of global brain cerebral met- 
abolie rates of oxygen utilization 
invariably showed decreased metabo- 
lism, but yielded variable and some- 
what ambiguous results in terms of 
metabolic  uncoupling.^? In the 
present limited data set, there were 
significant differences of mean glucose 
utilization between vegetative pa- 
tients and postanoxic conscious sub- 
jects, suggesting that mean glucose 
metabolism is correlated with the level 
of consciousness. Also, the observation 
that mean gray metabolism displayed 
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greater variability in conscious than in 
vegetative subjects, although not sig- 
nificant, might indicate variable levels 
of functional recovery in conscious 
subjects vs a uniformly low level of 
metabolism in vegetative patients. 

However, there was some overlap of 
the metabolic rates in the two groups 
in that the most affected conscious pa- 
tients (patients 1b and 12, who were 
severely disabled [Tables 1 and 2]) had 
lower metabolism than the vegetative 
subject with the highest metabolic val- 
ues (patient 6). The presence of low 
metabolic values in conscious patients 
was associated with poor recovery of 
intellectual functions in patients lb, 
11, and 12, but, in patient 10, a reason- 
ably good recovery (apart from blind- 
ness) was found despite a decrease of 
metabolism of more than 2 SDs. The 
fact that the differences between veg- 
etative and conscious patients were 
not sufficient to allow the use of meta- 
bolic rates as a diagnostic or prognos- 
tic criterion in individual cases might 
be due mostly to the small size of the 
sample under investigation. 


Regional Pattern 


The consistent distribution of meta- 
bolic alterations, particularly in the 
parieto-occipital cortex, suggests that 
some intrinsic anatomical and/or 
physiological characteristics may in- 
crease the regional susceptibility to 
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Fig 2.—Relative values of glucose utilization, expressed in percent of a ‘‘mean gray” 
metabolic activity, in selected brain regions, in the 12 postanoxic patients (crosses). 
For each region, normal values (mean + SD) are also shown. Relative hypometabo- 
lism in postanoxic cases predominates in parieto-occipital areas (asterisk indicates 
significantly decreased at an overall significance level of .05, Bonferroni correction). 


ischemic anoxia. It is also interesting 
that asimilar pattern was found in two 
patients with carbon monoxide poison- 
ing (A.G.DeV., A.M.G., unpublished 
data, 1987), the typical example of an- 
oxic anoxia. The preservation of tissue 
integrity rests on the equilibrium of 
the two balances between substrate 
requirement and supply, and between 
metabolite production and elimina- 
tion. Tissue vulnerability may thus re- 
flect physiological or pharmacological 
properties, as well as anatomical fea- 
tures such as location, relative to vas- 
cular fields. The preferential localiza- 
tion of metabolic alterations in parie- 
to-occipital and, to a lesser extent, in 
frontomesial areas and striatum, 
three well-known border zones be- 
tween arterial territories’ suggests 
that the location in arterial end fields 
is one of the main risk factors in cases 
of global brain anoxia. The widespread 
parieto-occipital metabolic defect may 
reflect an extension of functional al- 
terations around the arterial border 
zone. This hypothesis is consistent 
with pathologic studies that describe 
preferential neocortical damage in oc- 
cipital and parietal lobes.**? Damage to 
border zones is more readily observed 
in case of sudden hypotension followed 
by rapid return to normal, while more 
diffuse brain insults result preferen- 
tially from abrupt-onset hypotension 
followed by a sustained period of less 
severe hypotension,” as illustrated 
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Fig 3.—Images of cerebral glucose mebatolism at the level of basal ganglia in a patient studied in the vegetative state 
(A, patient 2), in a patient with postanoxic dystonia (B, patient 8), in a conscious patient with cortical blindness (C, patient 
10), and in a normal volunteer (D). Glucose metabolic values (expressed in micromoles per [100 g-min]) are proportional 
to the color scale, as indicated on the right of the images. In order to allow a better comparison of regional patterns, each 
study was rescaled to his own maximum, and a different scale was used for each patient. Drastic cerebral hypometab- 
olism was found in the vegetative patient (A), particularly in the parieto-occipital cortex. In the patient with dystonia (B), 
striatal hypometabolism was demonstrated. The patient with cortical blindness (C) had evident hypometabolism in parieto- 


occipital and visual cortices. 


by patient 7 in the present series. 
These data could account for the ob- 
servation of diffuse cortical hypome- 
tabolism in some patients, and of more 
watershed involvement in others, but 
this explanation can only remain spec- 
ulative in the absence of detailed clin- 
ieal information during the time in- 
terval between the onset of collapse 
and admission. 

The anatomic hypothesis of termi- 
nal fields does not explain the apparent 
vulnerability of visual cortex, which 
was found to be drastically affected in 
two patients and less extensively in 
two others. Although the fragility of 
the visual cortex in neurologic disease 
has been well demonstrated, there is 
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apparently no satisfactory explana- 
tion for this phenomenon. The vi- 
sual cortex is by far the most impor- 
tant channel of afferent input, and its 
metabolic activity shows strong envi- 
ronment-dependent modifications*9* 
(A.M.G., A.G.DeV., unpublished data, 
1988), so that its sensitivity to oxygen 
deprivation might result from ele- 
vated substrate requirements. 

The white matter also shows ele- 
vated sensitivity to anoxia,’ particu- 
larly during prolonged periods of hy- 
potension coupled with moderate 
anoxemia,*” and the possibility must 
be considered that some of the meta- 
bolic alterations in gray matter could 
be secondary to interruption of fibers 


in central white matter (so-called dis- 
connection). Interestingly, in three pa- 
tients (patients 6, 8, and 12) magnetic 
resonance imaging disclosed evidence 
of focal involvement of white matter, 
especially in the posterior limb of the 
internal capsule. In addition, striatal 
hypometabolism was found in two pa- 
tients (patients 6 and 9) in whom an 
abnormal signal was found with mag- 
netic resonance imaging in the globus 
pallidus in the absence of any involve- 
ment of the putamen. It is worth not- 
ing that in patient 6, who died 3 
months after the initial anoxic epi- 
sode, postmortem examination dem- 
onstrated the presence of pallidal ne- 
crosis and of an extensive demyelina- 
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tion of the centrum ovale, but no 
evidence of neostriatal or cortical le- 
sions. Interruption of subcortical fiber 
pathways could similarly account for 
the cortical hypometabolism described 
by Devinsky et al* in a case of akinetic 
mutism associated with diffuse cere- 
bral leukoencephalopathy. 


Clinical Implications 


From a clinical standpoint, and de- 
spite the limited number of cases stud- 
ied, the present results suggest that 
PET measurements provide a useful 
index of residual brain tissue function 
after anoxia, and that these data may 
assist in the monitoring of brain re- 
covery. Studies in larger series of post- 
anoxic patients should address this 
question further and attempt to deter- 
mine the possible role of FDG/PET 
measurements in prognostic evalua- 
tions. Although the FDG model is lin- 
ear and a simple imaging procedure is 
sufficient for the evaluation of regional 
metabolic patterns, the estimation of 
global metabolic alterations is clearly 
important for a thorough evaluation 
and requires quantitative studies with 
sampling of the arterial input func- 
tion. 
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popringol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
onr period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 
ially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
limes daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered especially to main- 
tain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
SOROR or angina where there is little correlation between plasma levels and clinical 
effect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
effective beta blockade for a 24-hour period 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 


hypertensive emergencies 
Angina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated for the 
gb Pte management of patients with angina pectoris. 
ine: INDERAL LA is indicated for the prophylaxis of common migraine headache 
The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use 
rophic Subaortic Stenosis: INDERAL LA is useful in the management of hyper- 
trophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation 
Clinical improvement may be temporary. 


CONTRAINDICATIONS. |NDERAL is contraindicated in 1) cardiogenic shock, 2) sinus 
bradycardia and greater than first-degree 
block; 3) bronchial asthma; 4) congestive heart 
failure (see WARNINGS) unless the failure is 
secondary to a tachyarrhythmia treatable with 
INDERAL 


WARNINGS. CARDIAC FAILURE: Sympa- 
thetic stimulation may be a vital component 
supporting circulatory function in patients with 
congestive heart failure, and its inhibition by 
beta blockade may precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, if nec- 
essary, they can be used with close follow-up in 
patients with a history of failure who are well 
compensated and are receiving digitalis and 
en Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on 
eart muscle 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible) 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
rds and, in some cases, myocardial infarction, eid abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
Cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL therap and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 


Nonallergic esc (eg, chronic bronchitis, emphysema) — PATIENTS 
WITH BRONCHOSPASTI DISEASES SHOULD IN ct Eye NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 
produced ed lenous and exogenous catecholamine stimulation of beta receptors 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta-recep- 
lor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
or isoproterenol. However, such patients may be subject to protracted severe hypotension 
Difficulty in starting and t we cte the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
increasing T4 and reverse T3, and eo 3. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
d a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol 


PRECAUTIONS. GENERAL (cnl should be used with caution in patients with im- 
ired hepatic or renal function. INDERAL (propranolol HCI) is not indicated for the treatment of 
ypertensive emergencies 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should 
be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to a 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients MOL ce aanolamino depleting drugs such as reser- 
pine should be closely observed if INDERAL (propranolol HCI) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks. or orthostatic hypotension 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction. 

Alummum hydroxide gel greatly reduces intestina! absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma 
levels of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
iib alent 

hyroxine may result in a lower than expected T; concentration when used concomitantly 
with propranolol 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels 
He sed clearance is reduced when used ved gpl agi Be propranolol 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effects 
at any of the d sage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

ardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypoten- 
Sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Raynaud type. 

entral Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an 
acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 
mance on neuropsychometrics. For immediate 
formulations, fatigue, lethargy, and vivid 
dreams appear dose related 

Gastrointestinal; Nausea, vomiting, epigas- 
tric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, 
ischemic colitis. 

Allergic: Pharyngitis and agranulo tosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and respira- 
lory distress. 
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Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been 
reported 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have not 
been associated with propranolol 


DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple me emg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be ber da eran to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS — Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained, Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established 
* If edet is to be discontinued, reduce dosage gradually over a period of a few weeks (see 

/ARNINGS 

MIGRAIN =, Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA er should 
be discontinued. It may be advisable to withdraw the drug gradually over a period of several 
weeks 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use 

*The appearance of these capsules is a registered trademark of Ayerst Laboratories 


Reference: 
1. Data on file, Ayerst Laboratories. 


VAG WYETH-AYERST 
WW LABORATORIES 
Philadelphia, PA 19101 










©1988 Ayerst Laboratories. 


i) UT " Say TREES x 


^ 


Neurochemical Correlates of Major Depression 
in Primary Dementia 


George S. Zubenko, MD, PhD; John Moossy, MD; Ursula Kopp 


e Biogenic amine neurotransmitters 
and metabolites as well as choline acetyl- 
transferase activity were quantified in 
eight brain regions from 37 demented pa- 
tients, with or without major depression, 
and 10 controls with no history of demen- 
tia or depression. The middle frontal and 
temporal cortex, prosubiculum and entor- 
hinal cortex of the hippocampus, substan- 
tia nigra, thalamus, amygdala, and cau- 
date were examined. Demented patients 
with major depression exhibited a 10-fold 
to 20-fold reduction in the level of norepi- 
nephrine in the cortex, along with relative 
preservation of choline acetyitransferase 
activity in subcortical regions, compared 
with demented patients who were not de- 
pressed. Serotonin levels were reduced in 


Clinically significant depression is a 

common complication of primary 
dementia in the elderly.'? Estimates of 
the prevalence of depression in Alzhei- 
mer's disease, the most common form 
of primary degenerative dementia, 
have been as high as 8645.* However, 
estimates of the coexistence of major 
depression in geriatric outpatients 
who meet clinical consensus criteria 
for probable Alzheimer's disease have 
typically been in the range of 15% to 
25% .°’ Depression is also a common 
source of comorbidity in other types 
of degenerative dementia, including 
those resulting from Parkinson's dis- 
ease,^? Huntington's disease," and 
Pick’s disease,^ and in dementias of 
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all eight brain regions, but the reduction 
did not reach statistical significance in any 
region examined. A para-doxical increase 
in dopamine levels was observed in the 
entorhinal cortex of depressed, demented 
patients, although no consistent pattern of 
change in the level of this neurotransmit- 
ter emerged across brain regions. Our re- 
sults indicate that the development of ma- 
jor depression in primary dementia is as- 
sociated with a profile of concurrent 
neurochemical changes that is largely 
consistent with existing neurochemical 
hypotheses of idiopathic affective disor- 
ders, and qualitatively distinct from that 
associated with primary dementia. 

(Arch Neurol. 1990;47:209-214) 


vascular origin." 

In a previous study of 37 brains from 
patients who died with primary de- 
mentia, the development of major de- 
pression was associated with degener- 
ation of the locus ceruleus and the 
substantia nigra (SN).* Since these 
pigmented nuclei contain the cell bod- 
ies of the majority of the catechola- 
minergic neurons in the brain stem, 
our findings suggested that the emer- 
gence of major depression in this pa- 
tient population might also be associ- 
ated with a reduction in the levels of 
norepinephrine (NE) and dopamine 
(DA) in the projection areas of the lo- 
eus ceruleus and SN, respectively. 
Zweig and coworkers" have suggested 
that major depression in patients with 
Alzheimer's disease may also be asso- 
ciated with a reduction in the numbers 
of nerve cell bodies in the raphe nuclei, 
which may lead to a reduction in the 
concentrations of serotonin (5-HT) in 
the projection areas of these nuclei. 
Finally, considerable evidence from 
clinical and pharmacolozic studies has 


suggested that the cholinergic nervous 
system may play an important role in 
the pathogenesis of affective dis- 
orders.'* Therefore, an interaction of 
the cholinergic deficiency that occurs 
in primary degenerative dementia? 
and the concurrent development of 
major depression would not be sur- 
prising. Based on these considerations, 
we determined whether the occurrence 
of major depression was associated 
with characteristic neurochemical 
changes in the brains of patients with 
primary dementia. 


SUBJECTS AND METHODS 
Subject Population 


Subjects were referred from an ongoing 
longitudinal study of Alzheimer’s disease 
and related dementias.” Written informed 
consent was provided by the patients’ legal 
guardians (usually next of kin) along with 
the patients’ assent at the time of entry into 
the study. Written informed consent for 
autopsy was also provided by the legal 
guardian at the time of death. The 47 brains 
used for this study were obtained from 37 
patients who had clinical diagnoses of pri- 
mary dementia and 10 elderly controls who 
had no history of dementia. The brains 
from the patient group and from 7 of the 10 
controls were used in a previous study of the 
neuropathologic correlates of major de- 
pression in primary dementia." Clinical di- 
agnoses of primary dementia were made 
according to currently accepted consensus 
criteria by board-certified psychiatrists 
and neurologists, and all patients who re- 
ceived diagnoses of primary dementia also 
met criteria from the Diagnostic and Sta- 
tistical Manual of Mental Disorders, third 
edition, (DSM-III) for primary degenera- 
tive dementia or multi-infarct dementia.” 
In all cases, the diagnoses established by 
neuropathologic examination of the brain 
supported the clinical diagnoses of primary 
dementia. 

Concurrent diagnoses of depression were 
based on data obtained from semi-struc- 
tured clinical interviews, history obtained 
from best informants (usually a spouse or 
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family member) and medical records, and 
laboratory evaluations, and were made ac- 
cording to DSM-III criteria as applied by 
board-certified psychiatrists and neurolo- 
gists. Since the DSM-III is ambiguous 
about the affective and vegetative symp- 
toms required for establishing the diagno- 
sis of primary degenerative dementia or 
multi-infarct dementia “with depression,” 
we required that the criteria for major de- 
pression be met.” 


Neuropathologic Methods and Diagnosis 


All brains were removed by a neuro- 
pathologist as a first procedure of the au- 
topsy as previously described.’ After 
weighing the unfixed brain, the brain stem 
and cerebellum were separated by intercol- 
licular section. The cerebral hemispheres 
were initially sectioned in the coronal plane 
at the anterior border of the optic chiasm 
and the infundibulum of the pituitary. The 
hemispheres were then sectioned at 1-cm 
intervals and placed on an aluminum foil 
surface cooled by ice to retard autolysis and 
to prevent adhesion of the tissue to the sur- 
face. The brain stem and cerebellum were 
sectioned in the transverse plane at 0.5-cm 
intervals. Uniform tissue samples for neu- 
rochemical studies were obtained from 30 
neuroanatomic areas using a pituitary bi- 
opsy rongeur and frozen at —70°C until 
biochemical studies were done. After sam- 
pling for neurochemical studies, the brain 
sections were fixed flat in buffered 4% 
formaldehyde solution for at least 2 weeks. 
Tissue blocks for light microscopy were 
then obtained from undisturbed sections 
corresponding as exactly as possible to the 
areas adjacent to those sampled for neuro- 
chemical studies. Following standard tissue 
processing and paraffin-embedding, a gen- 
eral survey was made with hematoxylin- 
eosin, and 8-um-thick sections stained with 
the Bielschowsky silver impregnation 
method were evaluated. Selected sections 
were also stained with Congo red for amy- 
loid and with a combined Nissl-myelin tech- 
nique, with the Masson trichrome stain, 
and for glial fibrillary acidic protein. Neu- 
ropathologic diagnoses were made accord- 
ing to standard criteria*” and are listed in 
Table 1. 

Morphometry of coded samples was per- 
formed by neuropathologists who were un- 
aware of the associated demographic and 
clinical information. The densities of senile 
plaques and neurofibrillary tangles per 
magnification field (X200) were determined 
for the middle frontal (MF) and superior 
temporal cortex, prosubiculum and en- 
torhinal (HEN) cortex of the hippocampus, 
and nucleus  basalis, as previously 
described.* The averages determined for 
these five regions served as a global index of 
the density of senile plaques and neu- 
rofibrillary tangles. Estimates of repeated- 
rater and inter-rater reliability were 0.84 or 
greater, and have been described in detail 
elsewhere.” 


Neurochemical Measurements 


The concentrations of the neurotrans- 
mitters NE, DA, 5-HT, and the neurotrans- 
mitter metabolites homovanillic acid 
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(HVA) and 5-hydroxyindoleacetic acid (5- 
HIAA), were determined in MF and supe- 
rior temporal cortex, prosubiculum and en- 
torhinal cortex (HEN) of the hippocampus, 
SN, thalamus, amygdala, and caudate. The 
concentrations of these neurotransmitters 
and metabolites were determined by re- 
versed-phase high-pressure liquid chroma- 
tography employing a C18 column and elec- 
trochemical detection.” The sensitivity of 
this analytic method was in the range of 
0.05 to 0.10 pmol for the biogenic amines 
and their metabolites, similar to that in a 
previously published report employing this 
technique.” 

Tissue samples were homogenized at 4°C 
in nine volumes of 75-mmol/L phosphate 
buffer (pH 7.4) and an aliquot removed for 
the determination of choline acetyltrans- 
ferase (ChAT, EC 2.3.1.6) activity. The re- 
mainder was immediately acidified to pH 4 
by a 1:3 dilution with freshly prepared mo- 
bile-phase-lacking acetonitrile (100-mmol/ 
L sodium phosphate, 1-mmol/L 1-heptane- 
sulfonic acid, and 1-mmol/L ethylenedi- 
aminetetraacetic acid, adjusted to pH 2.9 
with saturated citric acid) to ensure the 
stability of the biogenic amines and their 
metabolites. The resulting suspension was 
homogenized again and clarified by centrif- 
ugation at 33000g for 10 minutes at 4°C. 
Under these conditions, the amines under 
study have been reported to be stable for at 
least 24 hours even at room temperature.” 
A sample of 3,4-dihydroxybenzylamine was 












Alzheimer's disease 14 


Table 1.—Neuropathologic Diagnoses of 37 Patients With Primary Dementia With and 
Without Major Depression 


Depression 
Absent, No. 


added to the resulting supernatants as an 
internal standard and the protein concen- 
tration of the pellet was determined by the 
method of Lowry and coworkers.” These 
supernatants were used directly to deter- 
mine the tissue concentrations of the neu- 
rotransmitters and metabolites, with the 
exception of NE, which could not be satis- 
factorily resolved from the solvent front, it 
was adsorbed from an aliquot of each su- 
pernatant with alumina and recovered by 
extraction of the alumina with 0.1-N per- 
chloric acid. The concentration of NE was 
determined using the resulting perchloric 
acid extracts. For each brain, the concen- 
tration of these compounds was the average 
of measurements made of corresponding 
regions from the left and right hemispheres 
and expressed as picomoles per milligram 
of protein. 

Choline acetyltransferase activity was 
assayed in tissue homogenates by a minor 
modification of the method of Fonnum,?! as 
previously described." The 40-u] reaction 
mixtures contained 20 ul of homogenate 
and 20 4l of a solution of 600-mmol/L 
sodium chloride, 40-mmol/L magnesium 
chloride, 2-mmol/L eserine, 50-mg/dL bo- 
vine serum albumin, 0.73-mmol/L [acetyl- 
tritium]-coenzyme A (5.52 mCi/mmol), and 
5-mmol/L choline iodide, in 75-mmol/L 
phosphate buffer at pH 7.4. After incuba- 
tion for 20 minutes at 38°C, the reactions 
were stopped by immersing the tubes in an 
ice bath. Labeled acetylcholine in each re- 












Depression 
Present, No. Total 


10 24 


















Alzheimer's disease plus 
Parkinson's disease 


Multiple infarcts 











3 
1 
3 
Pick's disease 


Parkinson's disease o 






2 5 
0 1 
1 o 1 
1 1 


Parkinson’s disease plus 
multiple infarcts 0 1 1 


Total 23 14 37 









Table 2.— Clinical and Neuropathologic Features of Patients With Primary Dementia 
and Controls 


Age at death, y 


01,614 17.7 





Age at onset, y 





Duration, y 


6.4 + 2.7 
0.8 + 2.0 


Postmortem interval, h 
SP densityt 
NFT densityt 0.4 + 0.7 
Brain weight, g 1278 + 111.0 1170 + 197.0 
* All values except those indicating number and sex of patients are means + SDs. 
TThe average densities of senile plaques (SPs) and neurofibrillary tangles (NFTs) per magnification field 
(X200) were determined for the middle frontal and superior temporal cortex, the entorhinal cortex and prosub- 
iculum of the hippocampus, and the nucleus basalis of Meynert, as previously described. 


10.3 + 6.5 
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action mixture was extracted into 150 ul of 
7.5% tetraphenylboron in 3-heptanone and 
quantified by scintillation spectrometry. 
Specific activities were calculated from du- 
plicate assays and the average values from 
corresponding regions from the left and 
right hemispheres were expressed as nano- 
moles of acetylcholine synthesized per hour 
per milligram of protein. 


Statistical Analysis 


Since it was not known whether the data 
were normally distributed, mean values of 
continuous variables were compared using 
the Mann-Whitney-Wilcoxon rank sum test 
(two-tailed). Discrete variables were com- 
pared using the x? statistic or Fisher’s Ex- 
act Test, as appropriate. Two-way tests of 
significance were employed. 


RESULTS 
Neurochemical Correlates of Primary 
Dementia 


The concentrations of the neuro- 
transmitters NE, DA, and 5-HT, the 
neurotransmitter metabolites HVA 
and 5-HIAA, and the specific activity 
of the cholinergic enzyme ChAT were 
determined in eight brain regions 
from 37 demented patients as well as 
from 10 controls who had no history of 
dementia and no neuropathologic di- 
agnoses discovered at autopsy. The 
values for these neurochemical vari- 
ables in control brain regions were 
similar to those reported for biopsy 
and autopsy brain tissue by other 
groups of investigators." The distri- 
bution of neuropathologic diagnoses of 
the 37 demented patients is presented 
in Table 1. Thirty of 37 had Alzhei- 
mer’s disease alone or in combination 
with Parkinson’s disease or multiple 
infarcts. The groups of demented pa- 
tients and controls were similar in sex 
ratio, mean age at death, and mean 
postmortem interval (Table 2). How- 
ever, the presence of dementia was as- 
sociated with a trend toward a reduc- 
tion in mean brain weight. It was not 
surprising that the densities of senile 
plaques and neurofibrillary tangles 
were greater in the brains of the de- 
mented group, since the densities of 
these morphologic lesions was used to 
establish the neuropathologic diagno- 
sis of Alzheimer’s disease. 

A comparison of the neurochemical 
variables in the demented and control 
groups is presented in Fig 1. The most 
consistent finding was a significant re- 
duction in ChAT activity in all brain 
areas examined with the exception of 
the SN, where a trend in the same di- 
rection was observed. In addition, a 
significant reduction in the concentra- 
tion of 5-HT occurred in the amygda- 
la. No significant changes in the levels 
of NE, DA, or the dopaminergic and 
serotonergic metabolites HVA and 5- 
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NE, pmol/mg 


DA, pmol/mg 


HVA, pmol/mg 


111 11 


* 


5-HT, pmol/mg 


5-HIAA, pmol/mg 


ailal 





ChAT Activity, 
nmol/h/mg 





Fig 1.—Concentrations of amine neurotransmitters, neurotransmitter metabolites,and choline 
acetyltransferase (ChAT) specific activity in brain regions from demented patients (solid bars) and 
controls (open bars). Bar heights (with scaling factors) correspond to mean values, with SEs de- 
picted by vertical lines. Scaling factors were chosen so that the results for all brain regions could 
be presented on the same graph. One asterisk indicates .01 <P < .05; two asterisks, P < .01; 
NE, norepinephrine; DA, dopamine; HVA, homovanillic acid; 5-HT, serotonin; 5-HIAA, 5-hydroxy- 
indoleacetic acid; MF, middle frontal cortex; ST, superior temporal cortex; HPR« prosubiculum; 
HEN, entorhinal cortex; SN, substantia nigra; TH, thalamus; AM, amygdala; and CA, caudate. 
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HIAA, were observed in any of the 
brain regions examined. 


Neurochemical Correlates of Major 
Depression in Primary Dementia 


As shown in Table 3, the demented 
patients with or without major depres- 
Sion were similar in their clinical and 
global neuropathologic characteris- 
tics. Consistent with the previously 
reported increase in the cytopatho- 
logic features in the locus ceruleus, the 
depressed subgroup exhibited a 10-fold 
to 20-fold reduction of NE in the neo- 
cortex and hippocampus (Fig 2). 
Moreover, a trend in the same direc- 
tion occurred in the remainder of the 
regions examined. While the demented 
patients with major depression exhib- 
ited a comparable increase in the 
cytopathologic features in the SN, they 
were not accompanied by a reduction 
in DA levels in the projection areas of 
this nucleus. In fact, a statistically 
significant increase in the concentra- 
tion of DA was observed in the HEN. 
A significant change in the concentra- 
tion of 5-HT was not observed in any 
region studied, although the sugges- 
tion of a decrease in the level of 
5-HT was observed in the MF (P = .08) 
and a trend toward reduced levels 
occurred in all eight regions (P = .08 
by Fisher’s Exact Test). No significant 
changes in HVA or 5-HIAA levels 
were observed. While dementia was 
associated with a reduction in ChAT 
activity (Fig 1), Fig 2 shows a relative 
preservation of ChAT activity in the 
thalamus, amygdala, and caudate of 
demented patients with major depres- 
sion. 

In summary, major depression in 
the context of primary dementia was 
associated with a large and statisti- 
cally significant reduction in the level 
of NE in the cortex, along with the rel- 
ative preservation of ChAT activity in 
several subcortical regions. The sug- 
gestion of a more modest reduction in 
the levels of 5-HT across the eight 
brain regions was also noticed, with 
the greatest percentage reduction oc- 
curring in the MF. Contrary to our ex- 
pectation, major depression was asso- 
ciated with a significant increase in the 
concentration of DA in the HEN, while 
no consistent pattern of change was 
observed in the remaining seven brain 
areas examined. 


Potential Effects of Psychotropic 
Medications 


Eighteen of the 37 demented sub- 
jects were receiving neuroleptic drugs 
(chlorpromazine, thioridazine, triflu- 
operazine, perphenazine, thiothixene, 
or haloperidol) prescribed for behav- 
ioral control prior to death. None of the 
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Table 3.—Clinical and Neuropathologic Features of Demented Patients With and 
Without Major Depression 























































































Depression Depression 
Absent * Present* P 

No. 23 14 vd 
Sex, No. M/F 8/15 4/10 1.00 
Age at death, y 71.6 + 13.5 73.6 + 8.9 
Age at onset, y 66.9+ 9.9 66.7 + 8.0 
Duration, y 6.2 + 3.2 6.9 + 3.8 
Postmortem interval, h 9. x eal 7.8 + 6.6 .48 
SP densityt 11.4 + 9.3 10.0 + 6.5 74 
NFT densityt 10:5 +9:3 8.7 + 6.0 .93 
Brain weight, g 1192 + 214 1139 + 175 .55 





* All values except those indicating number and sex of patients are means + SDs. 

tThe average densities of senile plaques (SPs) and neurofibrillary tangles (NFTs) per magnification field 
(X200) were determined for the middle frontal and superior temporal cortex, the entorhinal cortex and prosub- 
iculum of the hippocampus, and the nucleus basalis of Meynert, as previously described. 


brain neurochemical measurements in 
the neuroleptic-treated subgroup dif- 
fered significantly from those in the 
residual group of patients who were 
not receiving neuroleptic treatment. 
Therefore, the neurochemical changes 
associated with primary dementia are 
unlikely to have resulted from neuro- 
leptic treatment. Furthermore, 4 of 
the 14 demented patients with major 
depression were receiving antidepres- 
sant medications (amitriptyline hy- 
drochloride, nortriptyline, desi- 
pramine, or doxepin) prior to death. 
None of the brain neurochemical mea- 
surements in this antidepressant- 
treated subgroup differed significantly 
from those in the residual group of de- 
pressed, demented patients, nor did 
consistent trends emerge. Therefore, 
the neurochemical differences between 
the demented patients with or without 
major depression are unlikely to have 
resulted from the treatment of 4 of the 
depressed patients with antidepres- 
sants prior to death. Finally, the prin- 
cipal effects of neuroleptic and antide- 
pressant medications on the levels of 
brain neurotransmitters occur with 
acute exposure rather than chronic 
treatment such as that received by the 
patients in our study group for whom 
they were prescribed.” The absence of 
significant between-group differences 
in the levels of the metabolites HVA 
and 5-HIAA also make medications an 
unlikely source of the observed neuro- 
chemical changes associated with pri- 
mary dementia and major depression. 


COMMENT 


The original catecholamine hypoth- 
esis of affective disorders focused pri- 
marily on the role of the noradrenergic 
components of the central nervous sys- 
tem in the pathogenesis of depression 
and mania.*? Evidence that has accu- 
mulated since the original hypothesis 
was proposed generally supports the 


view that clinically significant depres- 
sion may result from a dysfunction of 
central mechanisms employing the 
catecholaminergic neurotransmitters 
NE and DA,*** although studies of the 
role of DA in affective disorders have 
been fewer and less consistent. Our 
previous study of the neuropathologic 
correlates of major depression in pri- 
mary dementia was designed, in part, 
to test this hypothesis.'^ The results of 
that study revealed that the emer- 
gence of major depression was associ- 
ated with comparable levels of degen- 
eration in the locus ceruleus and SN. 

As expected from the neuropatho- 
logic findings, major depression was 
associated with a 10-fold to 20-fold re- 
duction in the concentration of NE in 
the cortex. Contrary to our expecta- 
tions, the level of DA was increased in 
the HEN and no consistent pattern of 
change was observed in the other brain 
regions examined. Several differences 
between central noradrenergic and 
dopaminergic neurons may be relevant 
to this differential response. Similar 
degrees of cytopathology in these nu- 
clei may have a greater impact on the 
level of NE in the widespread projec- 
tion areas of the locus ceruleus than on 
the level of DA in the more limited 
collaterals of the SN.* It is also possi- 
ble that intrinsic differences may exist 
in the capacities of these catechola- 
minergic neurons to maintain homeo- 
stasis in response to degenerative in- 
sults. The resilience of central dopa- 
minergic neurons to the degeneration 
that occurs in Parkinson’s disease and 
in response to neurotoxin exposure has 
been well documented in the liter- 
ature*; it is not clear that central 
noradrenergic neurons are equally ro- 
bust in this regard. Finally, the so- 
matic concerns of a number of our de- 
pressed patients were of sufficient se- 
verity to be considered delusional. 
Therefore, it seems possible that the 
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observed brain DA levels were modu- 
lated by the effects of degenerative 
changes in the SN, tending to reduce 
DA levels, and concurrently by an in- 
crease in DA levels associated with 
psychosis.** 

Zweig and coworkers" have pro- 
vided evidence suggesting that the 
emergence of depression in Alzhei- 
mer's disease may be accompanied by 
a greater loss of neurons from the se- 
rotonergic raphe nuclei. Furthermore, 
neurochemical studies of 5-HT recep- 
tors and 5-HIAA in spinal fluid or 
brain tissue have suggested an alter- 
ation in serotonergic components of 
the central nervous system in both id- 
iopathic major depression and sui- 
cide.“ In our study, major depression 
was not associated with a statistically 
significant reduction in the levels of 5- 
HT or its metabolite in any brain 
region studied. However, reduction of 
5-HT in the MF approached signifi- 
cance, as did the pattern of a consistent 
decrease in the concentration of both 
compounds across all eight regions. 
The most likely interpretation of these 
observations seems to be that major 
depression in primary dementia is ac- 
companied by a reduction in 5-HT 
concentration that is greatest in the 
neocortex, but smaller in magnitude 
than the reduction in NE levels. 

The relative preservation of ChAT 
activity in brain regions of depressed, 
demented patients suggests that there 
is a threshold for central cholinergic 
function below which the clinical ex- 
pression of depression is not possible. 
Since the primary degenerative de- 
mentia is associated with a progres- 
sive loss of cholinergic function in the 
central nervous system,'^? this influ- 
ence suggests that the prevalence of 
major depression in primary dementia 
begins to decrease at some point in the 
course of the dementia. Reifler and 
coworkers* have observed such a clin- 
ical relationship in cognitively im- 
paired, geriatric outpatients. The ex- 
istence of such a threshold might also 
explain the high rate of induction of 
depression (5 of 7 cases) during the 
treatment of patients with Alzhei- 
mer’s disease with oxotremorine, a po- 
tent cholinergic agonist. 

In summary, our results indicate 
that the development of major depres- 
sion in primary dementia is associated 
with a profile of neurochemical 
changes that are qualitatively distinct 
from those associated with primary 
dementia. These findings, along with 
our previous description of neuro- 
pathologic correlates, provide valida- 
tion of the DSM-III clinical criteria for 
major depression in the context of pri- 
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Fig 2.— Concentrations of amine neurotransmitters, neurotransmitter metabolites, and choline 
acetyltransferase (ChAT) specific activity in brain areas from demented patients with (solid bars) 
and without (open bars) major depression. Bar heights (with scaling factors) correspond to mean 
values, with SEs depicted by vertical lines. Scaling factors were chosen so that the results for all 
brain regions could be presented on the same graph. One asterisk indicates .01 <P < .05; two 
asterisks, P < .01; NE, norepinephrine; DA, dopamine; HVA, homovanillic acid; 5-HT, serotonin; 
5-HIAA, 5-hydroxyindoleacetic acid; MF, middle frontal cortex; ST, superior temporal cortex; HPR, 
prosubiculum; HEN, entorhinal cortex; SN, substantia nigra; TH, thalamus; AM, amygdala; and CA, 
caudate. 
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mary dementia, and underscore the 
importance of documenting the coex- 
istence of this behavioral syndrome in 
neurochemical and neuropathologic 
studies of dementia. Furthermore, our 
results support the concurrent in- 
volvement of central noradrenergic, 
serotonergic, and cholinergic systems 
in the pathogenesis of major depres- 
sion. Finally, our results provide in- 
sight into the topography of major de- 
pression, with the influence of amine 
neurotransmitters exerted preferen- 
tially in the cortex and those of acetyl- 
choline exerted preferentially in sub- 
cortical areas. Whether specific symp- 
toms of major depression are mediated 
by different neurotransmitter systems 
and whether the observed profile of 
neurotransmitter involvement is char- 
acteristic of idiopathic major depres- 
sion in the elderly are important ques- 
tions for future investigations. 


This research was supported by Alzheimer's 
Disease Research Center grant AG05133, Mental 
Health Clinical Research Center grant MH30915, 
program grant AG03705, and research grant 
MH43261, and by the Pathology Education and 
Research Foundation of the Department of Pa- 
thology, University of Pittsburgh (Pa) School of 
Medicine. Dr Zubenko was the recipient of Re- 
search Scientist Development Award MH00540 
from the National Institute of Mental Health. 

We thank A. Julio Martinez, MD, Gutti Rao, 
MD, Oscar Lopez, MD, Bruce M. Cohen, MD, PhD, 
Steven Belle,PhD, and Julia Beyer, MS, for their 
contributions. 


References 


1. Kral VA. The relationship between senile 
dementia (Alzheimer type) and depression. Can J 
Psychiatry. 1983;28:304-306. 

2. Lazarus LW, Newton N, Cohler B, Lesser J, 
Schweon C. Frequency and presentation of de- 
pressive symptoms in patients with primary de- 
generative dementia. Am J Psychiatry. 1987; 
144:41-45. 

3. Liston EH Jr. Diagnostic delay in presenile 
dementia. J Clin Psychiatry. 1978;39:599-603. 

4. Merriam AE, Aronson MK, Gaston P, Wey 
SL, Katz I. The psychiatric symptoms of Alzhei- 
mer's disease. J Am Geriatr Soc. 1988;36:7-12. 

5. Miller NE. The measurement of mood in se- 
nile brain disease: examiner ratings and self- 
reports. In: Cole JO, Barrett JE, eds. Psychopa- 
thology in the Aged. New York, NY: Raven Press; 
1980:97-122. 

6. Reding M, Haycox J, Blass J. Depression in 
patients referred to a dementia clinic: a three- 
year prospective study. Arch Neurol. 1985;42:894- 
896. 
7. Reifler BV, Larson E, Hanley R. Coexistence 
of cognitive impairment and depression in geri- 
atric outpatients. Am J Psychiatry. 1982;139:623- 
626. 

8. Ron MA, Toone BK, Garralda ME, Lishman 
WA. Diagnostic accuracy in presenile dementia. 
Br J Psychiatry. 1979;134:161-168. 

9. Knesevich JW, Martin RL, Berg L, Danz- 
inger W. Preliminary report on affective symp- 
toms in the early stages of senile dementia of the 
Alzheimer type. Am J Psychiatry. 1983;140:233- 
235. 
10. Cummings JL. Psychosomatic aspects of 
movement disorders. In: Trimble MR, ed. Inter- 
face Between Neurology and Psychiatry. New 
York, NY: S Karger AG; 1985:111-132. 

11. Mayeux R, Stern Y, Rosen J, Leventhal J. 


214 Arch Neurol— Vol 47, February 1990 


Depression, intellectual impairment, and Parkin- 
son disease. Neurology. 1981;31:645-650. 

12. Mindham RHS. Psychiatrie symptoms in 
parkinsonism. J Neurol Neurosurg Psychiatry. 
1970;33:188-191. 

13. Folstein SE, Abbott MH, Chase GA, Jensen 
BA, Folstein MF. The association of affective dis- 
order with Huntington’s disease in a case series 
and in families. Psychol Med. 1983;13:537-542. 

14. Liston EH Jr. Occult presenile dementia. 
J Nerv Ment Dis. 1977;164:263-267. 

15. Robinson RG, Kubos KL, Starr LB, Rao K, 
Price TR. Mood changes in stroke patients: rela- 
tionship to lesion location. Compr Psychiatry. 
1983;24:555-566. 

16. Zubenko GS, Moossy J. Major depression in 
primary dementia: clinical and neuropathologic 
correlates. Arch Neurol. 1988;45:1182-1186. 

17. Zweig RM, Ross CA, Hedreen JC, et al. The 
neuropathology of aminergic nuclei in Alzhei- 
mer's disease. Ann Neurol. 1988;24:233-242. 

18. Janowsky DS, Risch SC. Role of acetylcho- 
line mechanisms in the affective disorders. In: 
Meltzer HY, ed. Psychopharmacology: The Third 
Generation of Progress. New York, NY: Raven 
Press; 1987:527-533. 

19. Davies P, Maloney AJ. Selective loss of 
cholinergic neurons in Alzheimer’s disease. Lan- 
cet, 1976;2:1403. 

20. Perry EK, Perry RH. The cholinergic sys- 
tem in Alzheimer’s disease. In: Roberts PJ, ed. 
Biochemistry of Dementia. New York, NY: John 
Wiley & Sons Ine; 1980:135-183. 

21. Zubenko GS, Moossy J, Hanin I, et al. Bilat- 
eral symmetry of cholinergic deficits in Alzhei- 
mer's disease. Arch Neurol. 1988;45:255-259. 

22. Moossy J, Zubenko GS, Martinez AJ, et al. 
Lateralization of brain morphologic and cholin- 
ergic abnormalities in Alzheimer's disease. Arch 
Neurol. 1989;46:639-642. 

23. Zubenko GS, Moossy J, Martinez AJ, et al. 
Brain regional analysis of morphologie and 
cholinergic abnormalities in Alzheimer's disease. 
Arch Neurol. 1989;46:634-638. 

24. Boller F, Lopez O, Moossy J. Diagnosis of 
dementia: clinicopathologic correlations. Neurol- 
ogy. 1989;39:76-79. 

25. American Psychiatric Association, Com- 
mittee on Nomenclature and Statistics. Diagnos- 
tic and Statistical Manual of Mental Disorders, 
8rd ed. Washington, DC: American Psychiatric 
Association; 1980. 

26. Tomlinson BE, Corsellis JAN. Aging and 
the dementias. In: Adams HJ, Corsellis JAN, 
Duchen LW, eds. Greenfield's Neuropathology. 
4th ed. New York, NY: John Wiley & Sons Inc; 
1984:951-1025. 

27. Khachaturian ZS. Diagnosis of Alzheimer’s 
disease. Arch Neurol. 1985;42:1097-1105. 

28. Moossy J, Zubenko GS, Martinez AJ, Rao 
GR. Bilateral symmetry of morphologic lesions in 
Alzheimer’s disease. Arch Neurol. 1988;45:251- 
254. 

29. Saller CF, Salama AI. Rapid automated 
analysis of biogenic amines and their metabolites 
using reversed-phase high performance liquid 
chromatography with electrochemical detections. 
J Chromatogr. 1984;309:287-298. 

30. Lowry OH, Rosenbrough NJ, Farr AL, Ran- 
dall RJ. Protein measurement with the Folin 
phenol reagent. J Biol Chem. 1951;193:265-275. 

31. Fonnum F. Radiochemical micro assays for 
the determination of choline acetyltransferase 
and acetylcholinesterase activity. Biochem J. 
1969;115:465-472. 

32. Davies P. Neurotransmitter-related en- 
zymes in senile dementia of the Alzheimer type. 
Brain Res. 1979;171:319-327. 

33. Perry EK, Tomlinson BE, Blessed G, et al. 
Correlation of cholinergic abnormalities with se- 
nile plaques and mental test scores in senile 
dementia. Br Med J. 1978;2:1457-1459. 

34. Bowen DM, Benton JS, Spillane JA, Smith 
CCT, Allen SJ. Choline acetyltransferase activity 
and histopathology of frontal neocortex from bi- 


opsies of demented patients. J Neurol Sci. 
1982;57:191-202. 

35. Bird TD, Stranahan S, Sumi SM, Raskind 
M. Alzheimer’s disease: choline acetyltransferase 
activity in brain tissue from clinical and patho- 
logical subgroups. Ann Neurol. 1983;14:284-293. 

36. Cross AJ, Crow TJ, Johnson JA, et al. 
Monoamine metabolism in senile dementia of 
Alzheimer type. J Neurol Sci. 1983;60:383-292. 

37. Sims NR, Bowen DM, Allen SJ, et al. Pre- 
synaptic cholinergic dysfunction in patients with 
dementia. J Neurochem. 1983;40:503-509. 

38. Palmer AM, Francis PT, Bowen DM, et al. 
Catecholaminergic neurones assessed antemor- 
tem in Alzheimer’s disease. Brain Res. 1987; 
414:365-375. 

39. Palmer AM, Wilcock GK, Esiri MM, Fran- 
cis PT, Bowen DM. Monoaminergic innervation of 
the frontal and temporal lobes in Alzheimer’s 
disease. Brain Res. 1987;401:231-238. 

40. Palmer AM, Stratmann GC, Procter AW, 
Bowen DM. Possible neurotransmitter basis of 
behavioral changes in Alzheimer's disease. Ann 
Neurol. 1988;23:616-620. 

41. Baldessarini RJ. Drugs and the treatment 
of psychiatrie disorders. In: Gilman AG, Good- 
man LS, Gilman A, eds. The Pharmacological Ba- 
sis of Therapeutics. 6th ed. New York, NY: Mac- 
millan Publishing Co Inc; 1980:391-447. 

42. Bunney WE, Davis J. Norepinephrine in 
depressive reactions: a review of supporting evi- 
dence. Arch Gen Psychiatry. 1965;13:483-497. 

43. Schildkraut JJ. The catecholamine hypoth- 
esis of affective disorders: a review of supporting 
evidence. Am J Psychiatry. 1965;122:509-522. 

44. Siever LJ. Role of noradrenergic mecha- 
nisms in the etiology of the affective disorders. In: 
Meltzer HY, ed. Psychopharmacology: The Third 
Generation of Progress. New York, NY: Raven 
Press; 1987:493-504. 

45. Jimerson DC. Role of dopamine mecha- 
nisms in the affective disorders. In: Meltzer HY, 
ed. Psychopharmacology: The Third Generation 
of Progress. New York, NY: Raven Press; 1987:505- 
511. 

46. Carpenter MB. Core Text of Neuroanatomy. 
3rd ed. Baltimore, Md: Williams & Wilkins; 1985. 

47. Zigmond MJ, Stricker EM. Parkinson's dis- 
ease: studies with an animal model. Life Sci. 
1984;35:5-18. 

48. Zigmond MJ, Stricker EM. Deficits in feed- 
ing behavior after intraventricular injection of 6- 
hydroxydopamine in rats. Science. 1972;177:1211- 
1214. 

49. Hornykiewiez O. Parkinson's disease: from 
brain homogenate to treatment. Fed Proc. 
1973;32:183-190. 

50. Lloyd KJ, Farley IJ, Deck JHN, Hornyk- 
iewicz O. Serotonin and 5-hydroxyindoleacetic 
acid in discrete areas of brainstem of suicide vic- 
tims and control patients. Adv Biochem Psycho- 
pharmacol. 1974;11:387-397. 

51. Brikmayer W, Riederer P. Biochemical 
post-mortem findings in depressed patients. J 
Neural Transm. 1975;37:95-109. 

52. Mendlewicz J, Vanderheyden JE, Noel G. 
Serotonin and dopamine in patients with unipolar 
depression and parkinsonism. Adv Exp Med Biol. 
1981;133:753-767. 

53. Stanley M, Mann JJ. Increased serotonin-2 
binding sites in frontal cortex of suicide victims. 
Lancet. 1983;1:214-216. 

54. Crow TJ, Cross AJ, Cooper SJ, et al. Neuro- 
transmitter receptors and monoamine metabo- 
lites in the brains of patients with Alzheimer-type 
dementia and depression, and suicides. Newro- 
pharmacology. 1984;23:1561-1569. 

55. Reifler BV, Larson E, Hanley R. Coexistence 
of cognitive impairment and depression in geri- 
atric outpatients. Am J Psychiatry. 1982;139:623- 
626. 

56. Davis KL, Hollander E, Davidson M, et al. 
Induction of depression with oxotremorine in pa- 
tients with Alzheimer’s disease. Am J Psychiatry. 
1987;144:468-471. 


Primary Dementia— Zubenko et al 









Ma rch 5-6-7 1 90 (Immediately precedes the Barrow Neurological Institute Symposium, 
Z 9 “Advances in Neurology and Neurosurgery,” March 8-9-10). 


PIPOEN LA "Modern Dissection Techniques of Bone, 
Biometals, Bioceramics, and Bioplastics" 
‘2.0 na * For Neurosurgeons, Plastic, ENT, 
ar! Craniofacial and Maxillofacial Surgeons (Neuro 700) 
* For Operating Room Personnel (ORP 700) 





Co-sponsored by 
Barrow Neurological Institute 
St. Joseph's Hospital and Medical Center and MIDAS REX" Institute 


COURSE DIRECTORS: Robert F. Spetzler, M.D.; Volker K. H. Sonntag, M.D.; 
Susan Mitchell, Ed.D.; Ray Umber, Ph.D. 


* SYMPOSIUM FORMAT: Workshops: 7:30 a.m. - 1:30 p.m. each day. 

* NEUROSURGEONS: Hands-on exercises, utilizing appropriate animal bones, skeletal bones, etc., for 
bonework dissection skills of the cranium and spine, including attention to bioplastics and biometals. 

* OR PERSONNEL: dissection skills to become familiar with the applications of power instrumentation; 
participation in problem-solving, care, and proper maintenance of equipment. 




















ENROLLMENT IS LIMITED. Please call before 

sending check or making travel plans. All enrollments 
made through the MIDAS REX office in Fort Worth. 
ENROLLMENT FEE (U.S.$): Surgeons, $965.00; 
Residents, $585.00 (with letter from Department 
Head); Operating Room Personnel, $250.00 





Marriott's Mountain Shadows Resort 
5641 East Lincoln Drive 

Scottsdale, AZ 85253 

Phone: 602-948-7111 


Make check to "Phoenix Symposium." 
Mail to: MIDAS REX™ Institute, 2929 Race Street, Fort Worth, TX 76111. Phone: 800-433-7639 or 817-831-2604. 
Join the more than 7,800 enrollees who have completed MIDAS REX Hands-On Workshops 
























May 18-19-20 or May 26-27-28, 1990 Preceding and following the — — 
University of Vienna Symposium, 
"Neurosurgery on the 


* 
Vie nn ü ! Processes of the Cranial Midline," 
Austria Monday through Friday, May 21-25 





Symposia/Hands-On Workshops: 
"Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics" 
For Neurosurgeons, Plastic, ENT, Craniofacial and Maxillofacial Surgeons (Neuro 700) 
Cosponsored by the 
University of Vienna Department of Neurosurgery and MIDAS REX" Institute 


GUEST FACULTY 
Prof. ORAE Koos, M.D. 












COURSE DIRECTORS 
Prof. decr Koos, M.D. 
Robert F. Spetzler, M.D. 
Susan Mitchell, Ed.D. Volker K He Sonntag MD. * 


SYMPOSIUM FORMAT: Workshops: 8:00 a.m. - 2:00 p.m each day. Hands-on exercises, utilizing appropriate 
animal bones, skeletal bones, etc., for bonework dissection skills of the cranium and spine, including attention to 
bioplastics and biometals. 

ENROLLMENT IS LIMITED. Please call before 
sending check or making travel plans. All 
enrollments made through the MIDAS REX office in 
Fort Worth, Texas, U.S.A. 


* ENROLLMENT FEE (U.S.$): Surgeons, $965.00; Fellows/Residents, $585.00 (with letter from Department Head). 


Make check to "Vienna Symposium." 
Mail to: MIDAS REX™ Institute, 2929 Race Street, Fort Worth, TX 76111, U.S.A. 
Phone: 817-831-2604. FAX: 817-838-2384. 


Join the more than 7,800 enrollees who have completed MIDAS REX Hands-On Workshops 







Robert F. Spetzler, M.D. 











Austria Center 
Am Hubertusdamm 6 
A-1220 Vienna, AUSTRIA 













Sleep Spindles in Torsion Dystonia 


David R. Fish, MD; Philip J. Allen, MSc; Diane Sawyers; C. David Marsden, FRS 


e Quantitative analysis of overnight 
sleep spindles was performed in 14 pa- 
tients with primary generalized torsion 
dystonia, 10 patients with secondary tor- 
sion dystonia, 10 normal subjects, and 39 
patients with other neurological disorders. 
Only 4 patients with torsion dystonia had 
increased numbers of sleep spindles, and 
only one of these had sleep spindles of an 
abnormal amplitude or duration. Sleep 
spindle abnormalities do not appear to be 
common in torsion dystonia, and are un- 
likely to be of pathophysiological signifi- 
cance in this condition. 

(Arch Neurol. 1990;47:216-218) 


Torsion dystonia is a heterogeneous 
condition characterized by sus- 
tained muscle contractions, frequently 
causing repetitive twisting move- 
ments, or abnormal postures. It may 
result from discrete structural lesions 
or metabolic disorders (secondary or 
symptomatic dystonia), but there is a 
separate clinical entity of primary tor- 
sion dystonia in which no structural or 
metabolic abnormality has been 
found, and which is often familial. 
High-amplitude sleep spindles have 
been observed in some patients with 
torsion dystonia. Wein and Golubev’ 
studied the sleep patterns of 12 pa- 
tients with generalized dystonia, 15 
patients with spasmodic torticollis, 
and 10 normal subjects. They reported 
that “The patients authentically dif- 
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fered from the normal persons in the 
amplitude parameters of sleep spin- 
dles. Thus, in the generalized forms, 
we observed amplitudes of 40 to 60, 60 
to 80, and over 80 uV, which occasion- 
ally grew into giant hypersynchronous 
spindles with amplitudes so high as to 
present difficulties in indentification." 
However, primary and secondary 
cases were not separated, none of the 
patients had severe generalized dis- 
ease, and the drug and surgical histo- 
ries of the patients and the definition 
and methods of analysis of the sleep 
spindles were not fully discussed. 
Jankel et al? subsequently studied 
sleep spindles in four patients with 
advanced torsion dystonia, and four 
age-matched controls. Sleep spindles 
were identified visually, and divided 
into amplitudes of less than 50 uV, 50 


to 100 uV, and more than 100 nV. The 
group of patients with torsion dystonia 
had a greater percentage of sleep spin- 
dles in the 50 to 100 „uV and greater 
than 100 „V ranges than did the con- 
trol subjects. However, the results of 
individual patients were not given and 
three out of the four patients with tor- 
sion dystonia had previously had a 
thalamotomy. This could affect the 
characteristics of sleep spindles be- 
cause of consequent skull defects? or 
changes in thalamocortical con- 
nections.* 

In a subsequent communication, 
Jankel et al’ reported occasional sleep 
spindles of more than 150 „V in the 
four patients with advanced dystonia, 
but not in five other patients with mild 
dystonia, or eight healthy controls. 
One of the four patients with advanced 


Table 1.—The Patients With Primary Generalized Torsion Dystonia* 


Patient No./ 
Age at Study, y/Sex 


Drugs 
(Daily Dose) 





11/43/M 
12/22/F 
13/21/M 


14/27/F 
15+ /39/M 
161/38/M 


17/26/F 
18/27/F 
19/58/F 


20/57/F 
21/46/M 


22/81/F 
23/15/M 


24/72/F 


None 
Benzhexol, 90 mg 
Diazepam, 5 mg 
Benzhexol, 10 mg 
Benztropine, 4 mg 
Diazepam, 30 mg 
Mysoline, 750 mg 
Valproate, 1 g 
None 
None 
Benzhexol, 8 mg; 
dexamphetamine, 10 mg 
Benzhexol, 35 mg 
Propanolol, 180 mg 
Benzhexol, 6 mg 
Benzhexol, 3 mg 
Benzhexol, 20 mg; 
pimozide, 30 mg; 
diazepam, 16 mg 
None 





*DS indicates disability score (0-30); FH, family history of dystonia. 


TAshkenazi. 
Patient had undergone thalamotomy previously. 
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Age at 


Relevant 
Clinical Details 


Patient No. / 
Age at Study, y/Sex 


Onset, 


y 


Drugs 


Sites (Daily Dose) 





25/20/M 


Encephalitis 


26t/30/M Birth injury 


27/40/F Birth injury 
28/61/F 
29/43/M 
30/52/M 


Drugs induced 
Encephalitis 
Cardiovascular 
accident 
Encephalitis 
Pyramidal signs 
Rapid disease 
progress 


31/74/M 
32/46/M 
33/67/M 


34/48/M Rapid disease 


progress 


*DS indicates disability score (0-30). 
tThalamotomy. 


5000 


4000 


3000 


No. of Spindles 


2000 


1000 


9 





Generalized Benztropine 2 mg; 
diazepam, 10 mg 
Haloperidol, 3 mg 
Diazepam, 15 mg 
Clanidine, 150 mg; 
benzhexol, 6 mg 
Benzhexol, 6 mg 
None 
Sulpiride, 600 mg; 
diazepam, 10 mg 
Benzhexol, 4 mg 
Madopar, 975 mg 
Diazepam, 6 mg; 
orphenadrine, 
150 mg 
None 


Generalized 
Generalized 
Facial 
Generalized 
Trunk 
Generalized 


Legs 
Generalized 


Generalized 





Group 


Fig 1.—The number of sleep spindles per night in each subject. N indicates normal controls; O, 
other neurological disease controls; P, primary torsion dystonia; and S, secondary torsion dysto- 


nia. 


disease had less prominent sleep spin- 
dles, and was clinically improved after 
a unilateral thalamotomy.* Using ret- 
rospective controls  Jankel and 
coworkers proposed that giant sleep 
spindles were disease specific. This is 
an important claim. It could be of 
pathophysiological significance be- 
cause sleep spindles are maximal over 
the main and supplementary motor 
areas,’ and may represent potentials in 
pyramidal neurones.* We have studied 
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the number, amplitude, and duration 
of sleep spindles in patients with pri- 
mary and secondary dystonia, but 
have been unable to find any specific 
abnormality. 


SUBJECTS AND METHODS 
Subjects 


Four groups of patients were studied: 14 
patients with primary generalized torsion 
dystonia (median age, 39 years; range, 15 to 
81 years), 10 patients with secondary tor- 





sion dystonia (median age, 45 years; range, 
21 to 74 years), 10 normal subjects (median 
age, 29 years; range, 21 to 64 years), and 39 
disease controls with other neurological 
disorders (median age, 39 years; range, 14 to 
82 years). The disease control group con- 
tained 22 males and 17 females. The pa- 
tients in this group had a broad range of 
neurological disorders and included 8 sub- 
jects who were receiving benzodiazepines. 
The normal group contained 6 females and 
4 males. The diagnosis of primary general- 
ized torsion dystonia was based on the rec- 
ommendations of the ad hoc committee, 
and was confirmed by review of the hospi- 
tal notes and clinical assessment of each 
patient. The clinical details of the patients 
with torsion dystonia, including a rating on 
the Marsden and Fahn Disability Scale, 
are given in Tables 1 and 2. 

It is often difficult to distinguish primary 
and secondary torsion dystonia on clinical 
grounds. In order to maintain the purity of 
the primary disease group, only typical 
cases of this condition were selected. In 7 
out of the 10 cases in the secondary group a 
cause was evident. The etiology in the other 
3 cases was not established. Two of the pa- 
tients showed the development of symp- 
toms in middle age, followed by rapid dete- 
rioration, which would be unlikely in the 
primary disease, and the third had promi- 
nent pyramidal signs. 


Methods 


This study has the approval of the Med- 
ical Ethics Committee of The National 
Hospital for Nervous Diseases, London, 
England. No alterations were made to 
treatment, and all subjects gave informed 
consent. Sleep studies were performed in a 
quiet single room using the previously de- 
scribed video cable telemetry equipment." 
Subjects retired to bed when they chose, 
and were allowed to awaken spontaneously 
in the morning. All studies were performed 
after one night of adaptation, using the 
recommendations of Rechtschaffen and 
Kales.? 

Automatic analysis of the overnight elec- 
troencephalogram was performed using the 
previously described method for quantita- 
tive analysis of sleep spindles during 
continuous electroencephalographic re- 
cordings.^ Manual analysis is difficult to 
perform because the number of sleep spin- 
dles per night often exceeds one thousand, 
they occur irregularly, may be mixed with 
other waveforms, and fluctuate in ampli- 
tude and duration. 

Sleep spindles were defined as at least six 
cycles of activity of 11.5 to 15 Hz in excess 
of 14 uV in the C4-A1 channel." The follow- 
ing were determined for each subject: (1) 
thetotal number of sleep spindles per night; 
(2) the proportion of sleep spindles with a 
maximum peak-to-peak amplitude of more 
than 50 «uV; (3) the proportion of sleep spin- 
dles with a maximum peak-to-peak ampli- 
tude of more than 100 JV; (4) the proportion 
of sleep spindles lasting more than 1 second. 

Allovernight paper records were visually 
inspected by one of us (D.F.) blind to the 
diagnosis. One disease control and one pa- 
tient with primary torsion dystonia (pa- 
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95 of Sleep Spindles >50 uV 





Group 


Fig 2.— The percentage of sleep spindles greater than 50 uV in each subject. N indicates normal 
controls; O, other neurological disease controls; P, primary torsion dystonia; and S, secondary 


torsion dystonia. 


tient 17) had occasional bursts of high-am- 
plitude 7- to 10-Hz activity in the C4-A1 
channel, with a crescendo-decrescendo 
morphology. There were no records with 
giant amplitude sleep spindles that were 
not identified by the automatic device. The 
records of four disease controls and one 
patient with secondary dystonia were un- 
suitable for automatic analysis because of 
moderate amplitude intermittent elec- 
troencephalographic activity during wake- 
fulness in the sleep spindle frequency band. 
Visual inspection of these sleep records 
showed qualitatively normal sleep spindles. 
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RESULTS 


Four patients with torsion dystonia 
(patients 13, 15, 23, and 26) clearly had 
more sleep spindles per night than any 
of the normal or other neurological 
disease controls (Fig 1). 

The control subjects showed ranges 
for the proportion of sleep spindles 
above 50 and 100 nV of 0% to 29.5% and 
0% to 0.2%, respectively. One patient 
(patient 26) had an amplitude distri- 
bution that clearly exceeded the nor- 
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mal range, with 65.2% of sleep spin- 
dles above 50 nV and 8.0% above 100 uV 
(Fig 2). This subject had 9 sleep spin- 
dles that exceeded the largest control 
value of 133 „V. Patient 23 had 24.6% 
of sleep spindles above 50 uV and 0.3% 
above 100 4 V. The other patients with 
torsion dystonia had amplitude values 
within the control ranges. 

Patient 26 had 8 sleep spindles that 
exceeded the longest control duration 
of 3.0 seconds, but the proportion of 
sleep spindles that were longer than 1 
second (29%) fell within the control 
range (0% to 33%), as it did for all pa- 
tients with torsion dystonia. 


COMMENT 


Only 1 out of 24 patients with torsion 
dystonia had sleep spindles that were 
unequivocally abnormal in duration or 
amplitude, and only 4 patients had in- 
creased numbers of sleep spindles. The 
discrepancy between the current find- 
ings and previous studies'*** may re- 
flect the use of more patients and con- 
trol subjects in the present study. 

The significance of the small number 
of abnormal results is difficult to de- 
termine. All patients with abnormal 
sleep spindles had severe disease, but 
some primary and secondary patients 
with severe disease had normal sleep 
spindles. The one patient with sleep 
spindles of increased amplitude and 
duration had previously undergone a 
thalamotomy that may have altered 
the sleep spindle morphology. The four 
patients with increased numbers of 
sleep spindles were all receiving ben- 
zodiazepines, which may affect this 
parameter.^ It would, therefore, ap- 
pear that the pathology of torsion dys- 
tonia usually does not affect sleep spin- 
dle production. 
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Controversies in Neurology 


Issues in Cognitive Rehabilitation 


Sheldon Berrol, MD 


Coznitive training has been an ac- 
cepted therapeutic intervention in 
the areas of psycholinguistics and spe- 
cial education for learning disability 
in children and adults for several 
decades.' Current controversy revolves 
around the questions of “faddism,” the 
potential to effect meaningful change 
in a neurologically stable individual, 
and the use of the computer as synon- 
ymous with cognitive rehabilitation. 

A cognitive impairment is a conse- 
quence of a structural lesion that may 
be measured. Neuropsychologic test- 
ing enables us to identify that specific 
impairment that is a consequence of 
the structural deficit. Brain injury re- 
sults in impaired function of localized 
higher-order sensory and motor func- 
tion corresponding to these well-de- 
fined anatomic structures, but it also 
results in a variety of functions that 
are not clearly localized, such as the 
abilities to abstract and to reason. 
The first step in the process of rehabil- 
itation is to identify the specific defi- 
cits. 

Cognitive retraining is a systematic 
attempt to improve these resultant in- 
tellectual deficits that interfere with 
the processing of information at some 
level. Cognitive rehabilitation is 
broader in scope than cognitive re- 
training since the goal of rehabilita- 
tion is functional adaptation in daily 
life activities. The ability to perform 
functional cognitive tasks is of greater 
importance than documenting test re- 
sults. Cognitive performance can be 
documented accurately in the presence 
of a localized structural alteration. 
Performance in the test environment, 
however, can only suggest the ability 
of the patient to generalize this per- 
formance to the environment. Failure 
to demonstrate change in a laboratory 
test does not indicate failure in a life 
situation. While standardized evalua- 
tion tools have been developed for mo- 
toric, sensory, communication, and lin- 
guistic abilities that determine perfor- 
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mance in life skills, we still have 
difficulty in extrapolating specific test 
skills such as iconic or immediate 
memory from the laboratory to the 
community. 

Cognitive rehabilitation requires 
not only identifying specifie opera- 
tional problems but determining how 
it is to be done, the methodology re- 
quired, and strict adherence to train- 
ing priorities? One cannot merely 
train a function and expect to effect 
improved performance or compensa- 
tion in daily activities without deter- 
mining the specific effects of the deficit 
on other cognitive systems. 

Failure to recognize the need for an 
intact or a compensated sensory recep- 
tor system is a common cause of failure 
in a program of rehabilitation. The in- 
cidence of impairment of the visual 
and auditory systems is so significant 
that a comprehensive assessment is 
essential prior to a valid cognitive as- 
sessment or retraining. Correcting or 
compensating for a deficit in reception 
can substantially improve cognitive 
performance through more accurate 
access to target information. One may 
reasonably argue that such compensa- 
tion is part of the cognitive rehabilita- 
tion process. 

There is a growing body of literature 
supporting the prominence of nonspe- 
cific attentional deficits in all forms of 
brain injury and the role that recovery 
of attentional losses may play in cog- 
nitive rehabilitation.** Animal and hu- 
man research indicate that learning 
can occur and improve if attention is 
trained to focus on relevant task 
factors.5 Not only can training increase 
attentional performance in the pres- 
ence of brain lesions, but the atten- 
tional aspects of memory can be sub- 
stantially enhanced in a normal 
population.’ While it remains unclear 
as to whether loss of either short-term 
or long-term memory can be remedi- 
ated, it is clear that the efficiency of the 
memory systems can be measurably 
enhanced in a chronic brain-damaged 
population. 

Luria‘ has argued that attempts to 
remediate higher-order cognitive def- 
icits cannot be maximally effective in 
the presence of marked attentional 
problems. This has been a basic 


premise in the field of special educa- 
tion for learning disabled for the past 
50 years. It may well be that the 
elegant studies on the development of 
“blindsight” in profound visual field 
loss is a consequence of attentional 
training.’ This would certainly support 
the findings of Weiskranz that brain- 
injured individuals can be trained to 
use cues of which they are unaware. It 
would seem difficult, however, to ex- 
plain the results of Weinberg et al'? in 
training for neglect on this basis, since 
patients who should have the greater 
attentional problems by virtue of ex- 
tent of the injury demonstrated 
greater improvement (92% ) in propri- 
oceptive training. 

Reports in the literature arguing for 
and against cognitive rehabilitation 
have generally suffered from great 
variability in levels of severity of in- 
jury (and of neurobehavioral deficit) in 
the subjects, use of nonstandardized 
test protocols, lack of controls, absence 
of uniform data defining success or 
failure, lack of adequate and consis- 
tent verification of performance, and 
an absence of reliable follow-up over 
long periods. When appropriate meth- 
odology has been employed and 
matched groups are examined, a sub- 
stantial proportion of severely head- 
injured persons are unable to be inte- 
grated successfully into the commu- 
nity or vocationally with standard 
approaches. Recent studies'^" using 
rigid protocols and long-term follow- 
up (up to 3 years after injury) demon- 
Strated a substantial positive effect 
from cognitive rehabilitation. Ben- 
Yishay et al" were able to restore the 
majority of a previously stabilized (in 
terms of recovery), chronically dis- 
abled head-injured population to pro- 
ductive lives, and the gains were main- 
tained over time. 

Data on the therapeutic benefits of 
computer-assisted cognitive retrain- 
ing suggest that the derived benefits 
may or may not be greater than with 
the use of standard cognitive rehabil- 
itation approaches.'^ Just as in an ac- 
ademic environment, in some cases it 
may well be that whatever benefits 
have been perceived may result from 
the novelty of the equipment. Alterna- 
tively, the clinician's ability to identify 
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specific deficits and specific remedia- 
tion strategies, as Glisky et al^ have 
demonstrated, may yield definitive 
conclusions. Specificity of deficit train- 
ing seems to be more effective than 
general intervention strategies. While 
computers may represent an impor- 
tant tool in the process, they are not 
synonymous with cognitive rehabilita- 
tion. There is, further, no convincing 
evidence that computer training gen- 
eralizes to activities of daily living 
when used as an independent modal- 
ity. 

The argument that cognitive reha- 
bilitation is a “fad” has some merit. As 
with many therapeutic approaches, 
some programs deviated from the ba- 
sic principles in their application. 
However, well-documented evidence 
shows that appropriate patients who 
have sustained brain injury can be 
identified; that deficits responsive to 
cognitive intervention strategies can 
be identified; that hierarchical inter- 


ventions are more effective than non- 
specific therapies; and that functional 
abilities can be substantially increased 
as a result. 
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The Efficacy of Cognitive Rehabilitation in 
Patients With Traumatic Brain Injury 


Bruce T. Volpe, MD, Fletcher H. McDowell, MD 


Dees specific therapy for patients 

with cognitive disorders that oc- 
cur after traumatic brain injury (TBI) 
produce a specific and obvious im- 
provement in quality of life? The med- 
ical literature on this question is volu- 
minous but this review is limited to 20 
relevant publications.'” 

First there are chapters, reviews, 
and editorials that sound a clarion call 
for action. There can be no disagree- 
ment that the loss of intellect and sub- 
sequent personality changes in pa- 
tients with TBI are catastrophic. Un- 
like other neurologic disease, TBI 
compounds the basic neurologic infir- 
mity with the prospect of 30 to 40 more 
years of disabled life. The burden for 
families and in many cases the even- 
tual burden to society has received at- 
tention from medical economists and 
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head injury foundation lobbyists. 
There is no reprieve in sight from the 
essential "accidental" pathophysiol- 
ogy that causes TBI. Seat belts have 
had some effect on the incidence of TBI 
and gun control should have an addi- 
tional preventative effect, but the cur- 
rent epidemiologic findings, if true, are 
staggering. Modern medicine can 
save lives of patients with brain injury 
who formerly would have died, but it 
cannot restore damaged brain to nor- 
mal function. 

Investigators have surveyed current 
programs from the prospective of neu- 
rologists and physicians," psycholo- 
gists and neuropsychologists,*65!*151749 
educational experts, and medical 
economists.*? There is general agree- 
ment that the long-term problems of 
patients with TBI are complex because 
of the variability of location and se- 
verity of brain injury. Factors that in- 
fluence outcome include age, depth and 
duration of coma as measured by Glas- 
gow Coma Scale,” and also computed 
tomographic abnormality, evoked po- 
tentials, and serum catecholamine 
levels.??' Thus, there should be gen- 


eral agreement among investigators 
who study groups of patients with TBI 
that there must be a concerted effort to 
be certain of the extent of brain dam- 
age following head injury. A study of a 
group of patients makes the strong as- 
sumption that there is a set of common 
characteristics for all members. The 
feat of achieving a homogeneous group 
in any study of behavior is even more 
complex in head injury. Current meth- 
ods, notably magnetic resonance im- 
aging to determine extent of brain in- 
jury, are improving and most imaging 
methods often indicate multiple sites 
of damage of varying severity that 
may be quantitated. Magnetic reso- 
nance imaging will be an important 
addition to the clinical and psycholog- 
ical scales now in use, although one 
type of injury, called diffuse axonal 
injury, can only be seen micro- 
scopically.? Imaging data, electrical 
data, and serum catecholamine levels 
may permit a more definitive stratifi- 
cation of patients based on the sever- 
ity and extent of brain damage. Strat- 
ification by psychologic testing results 
and by clinical scales is helpful; they 
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are important predictors but now they 
must be combined with more advanced 
methods to determine degree of injury. 
In fact, several careful studies have 
already demonstrated the usefulness 
of these techniques.”” 

It is disquieting then to discover 
that there is more attention to devel- 
oping additional methods for clinical 
and psychological assessment rather 
than seeking a biological correlate. It 
is possible that a combination of clin- 
ical, psychological, and biological in- 
formation will lead to new treatment 
techniques or at least to a comparison 
of the effectiveness of current treat- 
ment techniques. Perhaps an approach 
to the questions raised by this first 
group of references is to develop gener- 
al protocols to use in multicenter tri- 
als. This model of multicenter research 
appears to have had some success in 
other studies of neurologic disease.” 

The alternative to group studies is 
the single case method that raises for 
analysis the second group of target ar- 
ticles in which investigators have doc- 
umented change in behavior after spe- 
cific treatments.'!* The foremost criti- 
cism of such studies is the lack of 
control. Patients were tested at some 
time after TBI, in these studies 2 
months, then were exposed to a pro- 
gram, and retested; and improvement 
was reported. Other studies have dem- 
onstrated improvement in cognitive 
ability after TBI without specific tar- 
get-directed therapy months after 
injury. Thus, it is impossible to con- 
clude from the above reports"? that 
the program was critical for the im- 
provement, nor is it possible to con- 
clude the improvement in test mea- 
sures was significant statistically or 
permanent. Finally and most impor- 
tantly, in none of these studies did pa- 
tients resume vocational or avoca- 
tional activities that were equal or 
close to preaccident levels. 

Single case methodology has several 
convincing proponents but the method 
works best when a specific hypothesis 
about cognitive processes is being 
tested.? Other, perhaps more difficult, 
problems with single case studies re- 
volve around replicating the improve- 
ment in other patients, testing alter- 
native interpretations of the behav- 
ioral symptom complex and, therefore, 
alternative mechanisms by which a 
partieular therapy is effective. Repli- 
cation necessarily involves detailed de- 
scription of the next studied patient 
andit may bethat no two patients with 
head trama are similar, a possibility 
that can be subjected to an empirical 
test. Testing alternative interpreta- 
tions involves gathering converging 
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evidence on the test subject, and, sim- 
ply (to our knowledge), this has not 
been done. 

Perhaps most dangerously, this type 
of anecdotal reporting causes a ripple 
of unrealistic expectations. Unsophis- 
ticated readers of these reports are 
quick to assume that replication of the 
putative treatment effects are likely. 
The ethics of avoiding false hope 
should not be transgressed, as genera- 
tions of responsible print journalists, 
now often joined by scientists, have 
strictly observed. This type of case re- 
porting should be restricted to the 
theater. 

The final studies deal with groups of 
patients with TBI exposed to treat- 
ment programs.*5^*1:13:5 These studies 
are of two types. The first rely on psy- 
chometric principles?! and are not 
strongly driven by a theory of cogni- 
tive functioning. For example, cogni- 
tive psychology relies, in part, on the 
assumption that a complex behavior 
can be studied in basic components or 
modules. The further assumption, 
and optimism, is that the tested per- 
formance of the brain-damaged indi- 
vidual will permit an investigator to 
discern which component or module is 
disrupted. In contrast the target 
experiments*57*?!..- depend on the 
fact that after recovery from TBI and 
coma almost everyone improves to 
some degree, and these studies char- 
acterize that change. Such studies are 
not making a specific prediction about 
behavior or testing a specific hypothe- 
sis of abnormal or normal behavior. 
For the most part they are attempting 
to quantify overall behavioral change 
using a variety of standard neuropsy- 
chological batteries and some specially 
designed tests. In the most primitive 
studies," there are no controls, ie, pa- 
tients with TBI are exposed to the 
same rehabilitation environment but 
they are not exposed to the specific 
training technique. At times there is 
no effort to classify the variability of 
the TBI group. In the better studies’? 
there is attention to experimental de- 
sign. Patients are stratified or other- 
wise matched for obvious variables 
such as age, education, time from in- 
jury, and severity of injury that may 
be important in outcome. There are 
matched control groups. In these 
reports” the differences between pa- 
tients with TBI treated with a specific 
program and control patients with TBI 
were positive, significant (statisti- 
cally), yet "modest." Experimental 
groups demonstrate improved test 
scores, but whether these skills can be 
translated into increased independent 
activities remains moot. One of the 


studies’ reported that 50% of the ex- 
perimental group returned to work (9 
of 18 patients) while the control group 
had a return to work rate of 36% (6 of 
17 patients). Generally a 30% to 40% 
return to work rate has been reported 
without specific treatment. However, 
these few studies must be taken as en- 
couraging. 

Another group of studies tests 
whether patients with amnesia follow- 
ing TBI can learn new information 
about a specific domain of knowledge 
and further explores the psychological 
mechanisms that might underlie new 
learning.**!5 There is attention to ex- 
perimental design, ie, adequate psy- 
chological classification, nearly appro- 
priate controls, and a well-designed 
training program. The results show 
that amnesic patients with TBI of 
varying severity can learn, albeit 
slower than controls, to executive sim- 
ple computer skills. Interestingly, 
among the patients with TBI, new 
knowledge was characterized differ- 
ently from that of the controls. It was 
"hyperspecific,...inflexible,  rigidly 
organized and only narrowly acces- 
sible."* Another study, however, indi- 
cates that improvements in tested 
memory generalized to other activi- 
ties.^ New possibilities for inter- 
vention arise out of both studies for 
using the microcomputer as a pros- 
thetic device, but such patient treat- 
ment strategies are possible for a lim- 
ited number of patients. These studies 
too are encouraging in opening new 
approaches to non-medicine-based 
therapeutic intervention. They pre- 
dict, at least with other similar TBI 
groups with a relatively high level of 
performance, little ability of the pa- 
tient to generalize task specific infor- 
mation to other aspects of cognitive 
life. 

Before making some conclusions, 
there are two other sets of data worth 
mentioning. First, just as there is some 
recovery of cognitive function after 
TBI, there is also some recovery of 
motor function. Recent reports of suc- 
cessful approaches to specific gait 
training for well-characterized and se- 
lected ataxic patients have indicated 
significant and permanent improve- 
ment.^* While some forms of gait 
ataxia will improve spontaneously,” 
patients in the study by Balliet et al? 
were well beyond the stage of sponta- 
neous recovery. The training was sim- 
ple and relied on repetitive practice, 
balance, posture, and sequencing exer- 
cises over a 3-month to 2-year period. 
The mechanism for these training ef- 
fects is unknown. Whether there is a 
fundamental change in the neural ba- 
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sis of movement or the motor systems 
are less damaged or have a greater 
ability to mend after TBI remains for 
future inquiry. Important to this dis- 
cussion, however, these data suggest 
that careful studies to examine a spe- 
cific effect of a treatment program can 
be accomplished and may even cause 
significant, permanent improvements. 
The second set of data, also impor- 
tant, is the work on neuronal 
plasticity.* Whether new growth or 
sprouting of axons to re-form synapses 
has functional significance and 
whether neosynaptogenesis may be a 
physiologic basis for recovery of func- 
tion after TBI are questions of enor- 
mous import. Investigations in many 
laboratories are in progress with as yet 
no clear answers to these questions. 
This report focused on whether 
there are experimental data to show 
that specific therapy for cognitive dis- 
orders that occur in patients with TBI 
leads to specific and permanent im- 
provement. The target data demon- 
strate that patients with TBI have 
major problems in cognition, in adap- 
tation to civilized norms, and in re- 
suming productive involvement in so- 
ciety. Evidence suggests that the fol- 
lowing therapeutic maneuvers may 
make some difference in outcome: 
treatment of seizures, social interac- 
tion with a peer group, encouragement 
from health professions of many va- 
rieties, relief of depression, education 
about adaptation, and understanding 
on the part of the family and signifi- 
cant others about the degree of im- 
pairment suffered by individuals with 
TBI and how to deal with it. If there 
are specific improvements in addition 
to the above brought about by focused 
treatment programs rather than non- 
specific intervention, they have not as 
yet been demonstrated by careful stud- 
ies that account for the severity of 
head injury, the sites of brain damage, 
use of matched control groups, and 
that measure the degree and character 
of cognitive impairment. Patients 
should be matched as closely as possi- 
ble into treated and control groups, 
omitting the specific treatment for one 
group and applying it in the other. 
Both groups should be exposed to other 
types of environmental pressure and 
stimuli that are likely to bring about 
change. Most importantly, changes or 
improvements may start with mea- 
sured neuropsychological changes but 
investigators should have as an ulti- 
mate goal some “real world” effect.” 
While there are a few encouraging 
studies now, it is difficult to support 
the notion that specific programs will 
offer more than general rehabilitation 
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efforts. In a world of shrinking re- 
sources it is not unimportant to note 
that the specific programs are expen- 
sive. If they are to be applied, they 
must be shown to produce something 
worth the cost. If it is the nonspecific 
pressures and stimuli that produce 
change, these could be widely applied, 
perhaps at less cost, to patients in dis- 
tant parts of the country where spe- 
cific expertise in cognitive training 
does not exist. There is not enough ev- 
idence to reject the null hypothesis al- 
though preliminary work is encourag- 
ing. It may be that for such a complex 
problem the solution will necessarily 
come from more central and organized 
planning and the execution of a wider 
range of multicenter trials. 
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Cognitive Rehabilitation 


Unproved but Promising 


Harvey S. Levin, PhD 


Thre proliferation of rehabilitation 

programs to treat disabled head- 
injured patients reflects the following: 
(1) recent advances in emergency evac- 
uation and neurosurgical management 
that have reduced mortality after se- 
vere head injury; (2) dissemination of 
outcome research documenting that 
neurobehavioral sequelae are prima- 
rily responsible for chronic disability 
and prolonged dependence of survi- 
vors; (3) the rise of advocacy organiza- 
tions such as the National Head Injury 
Foundation that have raised expecta- 
tions by families for a higher quality of 
life in their head-injured relatives; (4) 
market forces driven by insurance, 
workmen’s compensation, and litiga- 
tion that provide funding for postacute 
care and incentives for development of 
private rehabilitation programs. In 
view of the previous neglect of post- 
traumatic neurobehavioral distur- 
bances by the health care system, it is 
understandable that families in des- 
perate circumstances were responsive 
to programs that attempted to restore 
cognitive function in disabled survi- 
vors. 

Following this early enthusiastic 
(and uncritical) expansion of cognitive 
rehabilitation programs, issues such 
as cost containment and demonstra- 
tion of efficacy have emerged as dis- 
cussed by Berrol and elaborated in the 
critique by Volpe and McDowell. As 
pointed out in both reports, prelimi- 
nary studies'? have supported the ef- 
ficacy of rehabilitation programs that 
are directed toward resolving the neu- 
robehavioral sequelae of head injury. 
Patients who completed a cognitive 
rehabilitation program more fre- 
quently resumed employment and per- 
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formed at a higher level on neuropsy- 
chologic tests than a comparison group 
of head-injured patients who had stan- 
dard care or declined participation.! 
Ben-Yishay and his coworkers? re- 
ported similar gains in long-term un- 
employed survivors who returned to 
work after completing an outpatient 
cognitive rehabilitation program. 
Other promising work?* suggests that 
amnesic survivors of severe head in- 
jury may be capable of acquiring suf- 
ficient domain-specific knowledge to 
perform a particular job. While the 
results of these initial studies are en- 
couraging, caution is advised in inter- 
preting the findings because of design 
flaws, including lack of randomization, 
selection bias producing differences in 
severity of injury between the treated 
and comparison groups (or in selecting 
patients for case studies), and lack of 
blinded conditions. Moreover, the rep- 
resentativeness of the head-injured 
patients undergoing cognitive rehabil- 
itation in these outcome studies is 
doubtful because of selection criteria 
that exclude devastated patients and 
individuals with marked behavioral 
problems. Other indexes of quality of 
life, such as relationships with family 
and leisure activities, should also be 
considered in evaluating the efficacy of 
rehabilitation. 

Provided that well-designed clinical 
trials corroborate the preliminary ev- 
idence supporting the efficacy of cog- 
nitive rehabilitation, investigators 
should isolate the most effective com- 
ponents, such as group exercises (eg, 
composing a telegram), behavioral 
management techniques (eg, time out 
procedures), and the nonspecific ef- 
fects of repeated exposure to empathic 
clinical staff and a benign environ- 
ment. To what extent and over what 
time period does cognitive rehabilita- 
tion produce therapeutic gains in ex- 
cess of "standard care"? Investigators 
must characterize the degree of spon- 
taneous improvement and specify 
what is included under standard care 


apart from cognitive rehabilitation. It 
is eritical to identify the point of di- 
minishing returns of intensive reha- 
bilitation for efficient allocation of re- 
sources, including supported employ- 
ment and long-term community living 
arrangements that reduce the burden 
on families and promote some measure 
of independence in the survivors. 
Moreover, subgroups of head-injured 
patients (eg, individuals with exten- 
sive frontal lobe damage) might ben- 
efit from specific techniques that are 
superfluous in other survivors. 

The methodologic issues in under- 
taking clinical trials of cognitive reha- 
bilitation are complex. The call for a 
randomized design, including a group 
that receives no cognitive rehabilita- 
tion, raises ethical concerns despite 
the very limited support for this treat- 
ment modality. However, comparisons 
of different strategies of cognitive re- 
habilitation or schedules of treatment 
(eg, high vs low frequency of sessions 
with suitable controls for nonspecific 
effects of treatment) could provide cru- 
cial efficacy data. The pathophysio- 
logic heterogeneity in survivors of se- 
vere head injury implies that no single 
center can collect data on a sufficient 
number of patients to permit analysis 
of subgroups (eg, primarily frontal 
lobe vs temporal lobe injuries) within 
the time frame of typical funding pe- 
riods. Local referral patterns and 
other pressures influence the composi- 
tion of patient cohorts at specific cen- 
ters and potentially compromise the 
representativeness of these samples. 
Although the proposal by Volpe and 
McDowell for multicenter outcome 
studies of cognitive rehabilitation 
could conceivably remedy the hetero- 
geneity problem, collaborative clinical 
trials necessitate uniform methods of 
patient selection, randomization, and 
outcome measures (including stan- 
dardized techniques for administra- 
tion and scoring of neuropsychologic 
tests) that involve training of blinded 
examiners and monitoring to ensure 
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completeness and quality of data. 
Strategies to enhance patient compli- 
ance with follow-up and provision for 
obtaining quality of life data from a 
family member are also essential for 
extrapolation of the findings to the 
head injury population. 

Research is needed to identify the 
underlying mechanisms responsible 
for recovery (eg, greater participation 
of the homologous region of the rela- 
tively uninjured hemisphere) that may 
guide treatment strategies. Melodic 
intonation therapy! is an example of a 
treatment modality that is postulated 
to exploit the relatively preserved pro- 
sodic feature of speech in aphasics to 
promote recovery of language. Inte- 
gration of neurobehavioral, neuroim- 


aging, and electrophysiologic tech- 
niques could potentially characterize 
the changes that mediate recovery and 
are most responsive to specific reha- 
bilitative interventions. 

Attainment of the research objec- 
tives to further develop and evaluate 
cognitive rehabilitation will require 
interdisciplinary collaboration and 
commitment of resources by govern- 
ment agencies and private foundations 
to research on recovery from trau- 
matic brain injury. However, in- 
creased funding for research related to 
rehabilitation must be linked to the 
peer review process to ensure adher- 
ence to the highest standards of re- 
search and to attract capable and ded- 
icated investigators. 


Cognitive Rehabilitation 


Something is better than nothing in 

the rehabilitation of brain-injured 
patients. What remains at issue is 
whether specific cognitive therapy is 
better than general rehabilitation. 
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Berrol believes it is, Volpe and McDow- 
ell doubt it, and Levin thinks it is un- 
proved but promising. Without thera- 
peutic enthusiasm there would be no 
innovation, and without skepticism 
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there would be no proof. Cognitive re- 
habilitation deserves further evalua- 
tion. 

VLADIMIR HACHINSKI, MD, DSc (MED) 
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INDICATIONS AND USAGE 

Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients who are 
in good neurological condition post-ictus (e.g. Hunt and Hess Grades I-III). Oral Nimotop® therapy 
should begin within 96 hours of the subarachnoid hemorrhage and continue for 21 days. 


CONTRAINDICATIONS 


None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium channel 
blocker, although they are generally not marked. In patients with subarachnoid hemorrhage given 
Nimotop® in clinical studies, about 5% were reported to have had lowering of the blood pressure and 
about 1% left the study because of this (not all could be attributed to nimodipine). Nevertheless, blood 
pressure should be carefully monitored during treatment with Nimotop® based on its known pharmacol- 
ogy and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic func- 
tion. Euch patients should have their blood pressure and pulse rate monitored closely and should be given 
a lower dose (see Dosage and Administration). 


Laboratory Test Interactions: None known. 


Drug Interaction: lt is possible that the cardiovascular action of other calcium channel blockers 
could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive compounds 
taken concomitantly by patients suffering from hypertension: this phenomenon was not observed in 
North American clinical trials. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences of 
adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats given a diet 
containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) than in placebo 
controls. The differences were not statistically significant; however, the higher rates were well within 
historical control range for these tumors in the Wistar strain. Nimodipine was found not to be carcino- 
genic in a 91-week mouse study but the high dose of 1800 ppm nimodipine-in-feed (546 to 
774 mg/kg/day) shortened the life expectancy of the animals. Mutagenic studies, including the Ames, 
micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and female 
Wistar rats following oral Aces of up to 30 mg/kg/day when administered daily for more than 10 weeks in 
the males and 3 weeks in the females prior to mating and continued to day 7 of pregnancy. This dose ina 
rat is about 4 times the equivalent clinical dose of 60 mg q4h in a 50 kg patient. 

Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect in 
Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by gavage) 
doses of 1 and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not at 3.0 mg/kg/day 
in one of two identical rabbit studies. In the second study an increased incidence of stunted fetuses was 
seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryotoxic, causing resorption and 
stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day administered by gavage from day 6 through 
day 15 of pregnancy. In two other rat studies, doses of 30 mg/kg/day nimodipine administered by gavage 
from day 16 of gestation and continued until sacrifice (day 20 of pregnancy or day 21 post partum) were 
associated with higher incidences of skeletal variation, stunted fetuses and stillbirths but no malforma- 
tions. There are no adequate and well controlled studies in pregnant women to directly assess the effect on 
human fetuses. Nimodipine should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk at 
concentrations much higher than in maternal plasma. It is not known whether the drug is excreted in 
human milk. Because many drugs are excreted in human milk, nursing mothers are advised not to breast 
feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established 
ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage (11.2%) who 
were given nimodipine. The most frequently reported adverse experience was decreased blood pressure in 
4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated patients also reported adverse 
experiences. The events reported with a frequency greater than 1% are displayed below by dose. 





DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30 mg 60 mg 90 mg 120 mg 

Sign/Symptom (n = 82) (n=71) (n=494) (n-172) (n=4) (n=479) 
Decreased 

Blood Pressure 1 (1.2) 0 19 (3.8) 14 (8.1) 2 (50.0) 6(1.2) 
Abnormal Liver 

Function Test 1(1.2) 0 2 (0.4) 1 (0.6) 0 7 (1.5) 
Edema 0 0 2 (0.4) 2 (1.2) 0 3 (0.6) 
Diarrhea 0 3(4.2) 0 3(L7) 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 2 (1.2) 0 3 (0.6) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 

Symptoms 2(2.4) 0 0 2 (1.2) 0 0 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1 (0.6) 0 0 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30 mg 60 mg 90 mg 120 mg 

Sign/Symptom (n = 82) (n=71) (n=494) (n=172) (n=4) (n=479) 
Dyspnea 1 (1.2) 0 0 0 0 0 
EKG 

Abnormalities 0 1 (1.4) 0 1 (0.6) 0 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1 (0.6) 0 0 
Muscle 

Pain/Cramp 0 1 (1.4) 1 (0.2) 1 (0.6) 0 0 
Acne 0 1 (1.4) 0 0 e 0 
Depression 0 1 (1.4) 0 0 e 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg q4h, 
30 mg qth or 120 mg q4h 

Adverse experiences with an incidence rate of less than 1% in the 60 mg q4h dose group were: 
hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; anemia; palpitations; vomiting; 
flushing; diaphoresis; wheezing; phenytoin toxicity; lightheadedness; dizziness; rebound vasospasm; jaun- 
dice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: itching; 
gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; diaphoresis; con- 
gestive heart failure; hyponatremia; decreasing platelet count; disseminated intravascular coagulation; 
deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on increased 
incidence with higher dose or a higher rate compared to placebo control, included decreased blood 
pressure, edema and headaches which are known pharmacologic actions of calcium channel blockers. It 
must be noted, however, that SAH is frequently accompanied by alterations in consciousness which lead 
to an under reporting of adverse experiences. Patients who received nimodipine in clinical trials for other 
indications reported flushing (2.1%), headache (4.1%) and fluid retention (0.3%), typical responses to 
calcium channel blockers. As a calcium channel blocker, nimodipine may have the potential to exacer- 
bate heart failure in susceptible patients or to interfere with A-V conduction, but these events were not 
observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohydrate 
metabolism have been causally associated with oral nimodipine. Isolated cases of non-fasting elevated 
serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts (0.3%), elevated 
alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been reported rarely. 
OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Symptoms of 
overdosage would be expected to be related to cardiovascular effects such as excessive peripheral vasodila- 
tion with marked systemic hypotension. Clinically significant hypotension due to Nimotop® overdosage 
may require active cardiovascular support. Norepinephrine or dopamine may be helpful in restoring blood 
pressure. Since Nimotop® is highly protein-bound, dialysis is not likely to be of benefit. 


DOSAGE AND ADMINISTRATION » 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarachnoid 
hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hous for 21 consecutive days. Oral Nimotop® 
therapy should commence within 96 hours of the subarachnoid hemorrhage. 

ifthe capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, a hole 
should be made in both ends of the capsule with an 18 gauge needle, and the contents of the capsule 
extracted into a syringe. The contents should then be emptied into the patient's m situ naso-gastric tube 
and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled Cmax 
Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood pressure and heart rate. 
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History of Neurology 


The Death of Nicholas Bolkonski 


Neurology in Tolstoy's War and Peace 


Roger L. Albin, MD 


€ Painstaking realism is an essential 
feature of the fiction of Count Leo Tolstoy. 
One example of Tolstoy's attention to de- 
tail is the description of the death of Prince 
Nicholas Bolkonski in War and Peace. The 
information provided in War and Peaceal- 
lows the identification of the prince's ter- 
minal illness as a brain-stem stroke and is 
probably the first description of the one- 
and-a-half syndrome. Prince Bolkonski is 
also portrayed as suffering from a dement- 
ing process. Tolstoy used the character of 
Prince Bolkonski to exemplify the rational- 
istic, Western-influenced aristocracy that 
dominated Russia at the end of the 18th 
century. Prince Bolkonski's decline and 
apoplectic death parallel the fate of En- 
lightenment thought in Eastern Europe. 
The clinical detail employed in this case il- 
lustrates how Tolstoy used symbolic char- 
acters without sacrificing the realism of 
War and Peace. 

(Arch Neurol. 1990;47:225-226) 


Tre fiction of Count Leo Tolstoy is 

widely read today because of its 
psychological penetration and superb 
delineation of human relationships. Of 
less interest to modern readers is the 
exquisite care that Tolstoy took in 
precise description of physical events 
and surroundings. However, one of the 
features that places Tolstoy among the 
first rank of novelists is his ability to 
seamlessly combine the description of 
states of mind with naturalistic details 
of life's events. This aspect of his art is 
most evident in his historical novel 
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War and Peace.' One event in War and 
Peace that is of particular interest to 
neurologists is the death of Prince 
Nicholas Bolkonski. Tolstoy's depic- 
tion of the death of this character ex- 
emplifies his naturalistic technique 
and illuminates his method as a novel- 
ist. 

Prince Nicholas Bolkonski is the fa- 
ther of one of the heroes of War and 
Peace, Prince Andrei Bolkonski, and is 
an important character in his own 
right. In “Book Ten" of War and Peace, 
which describes events during the Na- 
poleonic invasion of 1812, the senior 
Prince Bolkonski is stricken by an 
acute illness as he is leaving his house 
to visit a local dignitary. 


The morning after little Nicholas had 
left, the old prince donned his full uniform 
and prepared to visit the commander in 
chief. Princess Mary [the ald prince’s 
daughter] saw him walk out of the house in 
his uniform wearing all his orders and go 
down the garden to review his armed peas- 
ants and domestic serfs. ... Suddenly sev- 
eral men came running up the avenue with 
frightened faces. 

Princess Mary ran out to the porch. ... A 
large crowd of militia men and domestics 
were moving toward her, and in their midst 
several men were supporting by the arm- 
pits and dragging along a little old man in 
a uniform and decorations....On seeing 
his daughter he moved his helpless lips and 
made a hoarse sound. 

The doctor, who was fetched that same 
night, bled him and said that the prince had 
had a seizure paralyzing his right side." 


After several days of convalescence, 
the prince’s speech has recovered to 
the point that he is able to communi- 
cate with his daughter. A more exten- 
sive description of his condition is 
given in the course of this interview. 







Princess Mary entered her father’s room 
and went up to his bed. He was lying on his 
back propped up high, and his small bony 
hands with their knotted purple veins were 
lying on the quilt; his left eye gazed straight 
before him, his right eye was awry, and his 
brows and lips motionless. He seemed alto- 
gether so thin, small, and pathetic. His face 
seemed shriveled or melted, his features 
had grown smaller. Princess Mary went up 
and kissed his hand. His left hand pressed 
hers so that she understood that he had 
long been waiting for her to come. He 
twitched her hand, and his brows and lips 
quivered angrily. 

She looked at him in dismay trying to 
guess what he wanted of her. When she 
changed her position so that his left eye 
could see her face he calmed down, not tak- 
ing his eyes off her.... Then his lips and 
tongue moved, sounds came, and he began 
to speak, gazing timidly and imploringly at 
her, evidently afraid that she might not 
understand.'9?9» 


In the remainder of the interview, 
Prince Bolkonski is described as hav- 
ing considerable difficulty in speaking 
but clearly can understand and pro- 
duce grammatically correct sentences. 
The prince dies shortly thereafter. 

The prince's fatal illness is charac- 
terized by the acute onset of neurologic 
symptoms with some recovery. The 
available evidence suggests that the 
most parsimonious localization of the 
prince's lesion(s) is in the left brain 
stem, perhaps in the pons, with a pos- 
sible additional lesion in the left oc- 
cipital lobe. The brain-stem localiza- 
tion is supported by a right hemipare- 
sis in the absence of a language 
disorder(althoughtheprince's handed- 
ness is not specified), the substantial 
dysarthria, and the oculomotor distur- 
bance. The latter is probably an exam- 
ple of the one-and-a-half syndrome, 
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described more than a century before 
Fisher's* explication of the anatomy of 
this distinctive syndrome.’ This clas- 
sification of the oculomotor distur- 
bance is supported by the fact that the 
prince's left eye is apparently fixed 
looking straight ahead and that his 
right eye is awry. The left-eye abnor- 
mality is probably a horizontal rather 
than a vertical gaze paresis, because 
the latter would not be noticed by 
someone walking across a room in 
front of an individual propped up in 
bed. The nature of the right-eye ab- 
normality is not described, but exotro- 
pia, esotropia, and skew have all been 
described in the one-and-a-half 
syndrome. The one-and-a-half syn- 
drome results from lesions of the pon- 
tine tegmentum. A left occipital lesion 
is suggested by the prince’s daughter 
moving to the left to be seen, an act 
suggestive of a right visual field ab- 
normality. The pathogenesis of the 
lesion(s) is almost certainly a stroke in 
the modern sense of the term, and 
probably ischemic, as pontine hemor- 
rhages are usually immediately fatal. 

Stroke is not the only neurologic 
disorder suffered by Prince Bolkonski. 
War and Peace encompasses the final 
7 years of his life. In the early chapters 
of War and Peace he is presented as a 
vigorous, if somewhat eccentric, eld- 
erly man. His age is not specified, but 
his history of service as a general un- 
der Catherine the Great makes it 
likely that he is in his 60s or 70s. 
Despite his age, he is capable of as- 
suming substantial responsibilities, 
and in the earlier chapters, he super- 
vises the defense measures of his dis- 
trict. Over the course of the novel his 
capacities gradually diminish, and he 
undergoes a change of personality. He 
becomes alienated from his devoted 
daughter, develops a flirtatious and 
inappropriate relationship with her 
French companion, and is increasingly 
tyrannical in his conduct toward his 
daughter and servants. In the last year 
of his life he is portrayed as having di- 
minished intellectual abilities and in 
one scene confuses the 1812 French in- 
vasion of Russia with events of several 
years earlier. As a consequence, he is 


1. Tolstoy L; Maude L, Maude A, trans. War 
and Peace. New York, NY: Simon & Schuster Inc; 
1942:795, 798. 

2. Wall M, Wray SH. The one-and-a-half syn- 
drome—a unilateral disorder of the pontine 
tegmentum: a study of 20 cases and review of the 
literature. Neurology. 1983;33:971-980. 

3. Sharpe JA, Rosenberg MA, Hoyt WF, Daroff 
RB. Paralytic pontine exotropia. Neurology. 
1974;24:1076-1081. 
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unable to appreciate the dangers posed 
by the advance of the French army. 
This clinical course is that of a dement- 
ing illness. 

From what source did Tolstoy derive 
this clinical vignette? Tolstoy's careful 
description of Prince Bolkonski's last 
years and death lead to the conclusion 
that he either must have witnessed 
such events or an account of such an 
illness was related to him in great de- 
tail by someone who was an eyewit- 
ness. None of the English language bi- 
ographies or monographs on Tolstoy 
mention the source of Prince Bolkon- 
ski’s illness." It is known that the 
character of Prince Bolkonski is 
closely modeled on Tolstoy’s maternal 
grandfather, Prince Nicholas A. 
Volkonski. Several of Prince Bolkon- 
ski’s characteristics —his service in 
the army of Catherine the Great, his 
skepticism toward religion, and his in- 
sistence on his daughter receiving an 
education equivalent to that of a 
man—are derived from the life of Tol- 
stoy’s grandfather. Nothing appears to 
have been recorded about the death of 
Prince Volkonski, and as Tolstoy was 
born after his grandfather’s death, 
Tolstoy could not have been a witness 
to that event. Tolstoy did, however, 
grow up on the Volkonski estate, and 
spent his childhood surrounded by ser- 
vants and relatives who witnessed his 
grandfather’s death. Other episodes in 
War and Peace are based on Tolstoy 
and Volkonski family traditions, and it 
is possible that Tolstoy used a family 
tradition as the basis for his narrative 
of the old prince’s last years and death. 

Neither Tolstoy nor any of his con- 
temporaries would have been able to 
appreciate the neurologic significance 
of the details of Prince Bolkonski’s 
death. Why then did Tolstoy include 
such clinical detail in War and Peace? 
The answer to this question illustrates 
a key aspect of Tolstoy’s technique as 
a novelist and is related to one of his 
aims in writing War and Peace. In ad- 
dition to being a historical novel, War 
and Peace is a novel about history. 
War and Peace contains several chap- 
ters in which the author speaks di- 
rectly to readers and discusses various 
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theories of history. In a celebrated es- 
say on Tolstoy's theory of history, Isa- 
iah Berlin" stated that “Tolstoy’s in- 
terest in history and the problem of 
historical truth was passionate, al- 
most obsessive, both before and during 
the writing of War and Peace." Tolstoy 
hoped that the study of history would 
lead him to some basic metaphysical 
truth. He was also specifically inter- 
ested in Russian history, and War and 
Peace is his reconstruction of the his- 
tory of the Napoleonie period in Rus- 
sia. While this version of Russian his- 
tory naturally reflects his own biases, 
Tolstoy took pains to have the charac- 
ters of War and Peace represent var- 
ious currents in Russian life. Prince 
Bolkonski is a good example of Tol- 
stoy’s technique. Like many individu- 
als at the court of Catherine the Great, 
the old prince has been strongly influ- 
enced by the ideas of the Enlighten- 
ment and epitomizes a current of 
thought that had been especially 
prominent in late 18th-century Russia. 
The events of the French Revolution 
and the Napoleonic Wars produced a 
strong reaction against the thought 
of Enlightenment philosophers. 
Throughout Europe, Enlightenment 
thinkers were blamed for the destruc- 
tion wreaked by the French Revolution 
and Napoleon's armies, and their ideas 
were discredited. The impact of the 
Enlightenment is also a subject about 
which Tolstoy had strong feelings. For 
example, Tolstoy found his grandfa- 
ther's attitudes toward religion and 
the education of women repugnant. It 
is no coincidence that the old prince, an 
individual whose behavior is strongly 
influenced by the thought of the En- 
lightenment, is portrayed as suffering 
a gradual decline and apoplectic de- 
mise. In the hands of a lesser writer, 
this type of symbolism would seem 
Schematic. With the use of precise 
clinical detail, however, Tolstoy is able 
to pursue the parallel between the 
death of the old prince and the fate of 
Enlightenment influence in Russia 
without sacrificing the lifelike quality 
that animates War and Peace. 
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Seymour Diamond, M.D., Editor-in-Chief 


Headache Quarterly offers original, peer-reviewed 
papers on all aspects of headache as well as invited 
review articles, timely book reviews, and extensive ab- 
stracts of the headache and pain literature. In addition, 
each approximately 100-page issue of Headache 
Quarterly reports on research currently in progress, 
futuristic therapies, and theories about headache. 

Pertinent articles cover such topics as histamine, 
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guished Editorial Board, columns exploring controver- 
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will spark lively discussion. All contributors are in- 
ternationally known experts in the field of headache. 

In short, this comprehensive new journal will serve 
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professionals in neurology, anesthesiology, internal 
medicine, family practice, pain treatment, and emer- 
gency medicine. 
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he coauthored The Practicing Physicians Approach 
to Headache, now in its fourth edition. 
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Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, C/o AON, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Neurology. 









Box 








CLASSIFIED 
INFORMATION 


Regular Classified 1Time — 3 Times 

or more* 
Cost per word $.95 $.85 
Minimum 20 words. per issue 


"In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
"New York" and "Salt Lake City." Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words "Box , C/O 
AON" are to be counted as three words. 

Classified Display 1Time 3 Times 
Full page $520 $468 
Two-thirds page 445 400 
One-half page 393 353 
One-third page 312 281 
One-sixth page 208 187 
Column inch 45 40 


Minimum display ad: one column inch 
12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 
The 25th of the second month prior to issue 
date. Example: The November issue closes 


September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archuves ol 
Neurology 
Classified Department 

P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 


————————— 
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Professional Opportunities 


NEUROLOGIST, BC/BE — Excellent opportunity 
to join a busy, four-physician section in a large 
multi-specialty group practice. Located in desirable 
Bluegrass region of Kentucky. Competitive salary 
and benefits. Send letter and CV to: Ms. Martha 
Riddell, Lexington Clinic, 1221 South Broadway, 
Lexington, KY 40504. 


NASHVILLE, TENNESSEE 


BE/BC neurologist needed for thriving practice at 
JCAHO approved 315-bed hospital. Excellent neuro- 
surgery staff with state-of-the-art diagnostic equip- 
ment. First rate financial package with reimbursed 
relocation and interviewing costs. Office space re- 
served next to hospital. Phenomenal arowth in com- 
munity. Contact: Jeff Hartline, 5000 Linbar Drive, 
Suite 260, Nashville, TN 37211. (800) 678-3616. 


EXPANDING DYNAMIC neurology practice — 
BC/BE neurologist to join a busy, rapidly growing 
group neurology practice in Virginia suburbs of 
Washington, DC. Excellent opportunity for a com- 
passionate, personable, hard working person to join 
our comprehensive neurodiagnostic team. Subspe- 
cialty training, especially EEG, evoked potentials, 
EMG, or sleep disorders preferred. Teaching and 
faculty appointments available. Send CV to: D. 
Hope, Neurology Center of Fairfax, Ltd., 3020 
Hamaker Court, Fairfax, VA 22031. 





NEUROLOGIST: Excellent opportunity for a board- 
certified/board-eligible neurologist to join two exist- 
ing neurologists in a stimulating, busy private prac- 
tice. Marquette General Hospital is a 306-bed 
regional referral center, with a comprehensive neu- 
rophysiology department and state-of-the-art tech- 
nology that includes magnetic resonance imaging 
and CT scanning, and a hospital-based family prac- 
tice residency. Medical students from Michigan 
State University's College of Human Medicine are 
regularly assigned to the hospital and offer an op- 
portunity for teaching. Marquette General Hospital 
and its medical staff are committed to building a 
center of excellence in the neurosciences and have 
the necessary financial resources. The development 
of these services will require the leadership and 
cooperation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. If this special opportunity is of inter- 
est to you, please forward your curriculum vitae to: 
Daniel Mazzuchi, MD, Director of Physician Serv- 
ices, Marquette General Hospital, Suite 122, Wallace 
Building, 420 West Magnetic Street, Marquette, MI 
49855. 


NEUROLOGIST — Board-certified or -eligible 
neurologist with California license needed to join a 
prestigious Worker's Compensation clinic for patient 
evaluation and follow-up and EMG/NCS testing. For 
further information, contact: Medical Director at 
(213) 277-2929. Or send CV to: 1125 South Beverly 
Drive, 4601, Los Angeles, CA 90035. 

















TAMPA — NEUROLOGIST to join unique, secure 
MH outpatient clinic in bustling suburbs. BE/BC, 
able for Florida license. Full-time, solid opportunity. 
Optional inpatient. CV in confidence to: P.O. Box 
350321, Tampa, FL 33695. 





NEUROLOGIST, NEUROLOGICAL SURGEON — 
BC/BE to join main branch of thirty-five physician, 
multi-specialty group. Excellent clinic and hospital 
facilities. Very competitive salary and benefit pack- 
age. Excellent opportunity. Good hunting, fishing. 
Good schools, a beautiful place to raise a family. 
Call Executive Administrator collect, (701) 857- 
0236, or write: Medical Arts Clinic, P.C., P.O. Box 
1489, Minot, ND 58702-1489. 











Professional Opportunities 


PEDIATRIC NEUROLOGIST position available at 
Hennepin County Medical Center with the rank of 
assistant professor without tenure. HCMC is an 
academic medical center affiliated with the Univer- 
sity of Minnesota. The Neurology Department has 
an opening for a BE/BC pediatric neurologist with 
primary interests in clinical and education activities, 
plus some clinical research. A special interest in 
pediatric head trauma, sleep disorders, or neuro- 
muscular diseases would be welcomed. Salary is 
appropriate to experience and expertise. Interested 
applicants please send a CV and three letters of 
recommendation to: M.G. Ettinger, MD, Chief of 
Neurology, Hennepin County Medical Center, 701 
Park Avenue South, Minneapolis, MN 55415, by 15 
March, 1990. Hennepin County Medical Center and 
the University of Minnesota are equal opportunity 
employers and specifically invite and encourage 
applications from women and minorities. 





NEUROLOGIST — Midwest Great Lakes communi- 
ty. Position for a clinical neurologist, preferably with 
subspecialty training in either stroke or dementia to 
join another neurologist in an established private 
practice. Excellent growth potential. Early partner- 
ship. Box #804, c/o AON. 


THIRD NEUROLOGIST 
BC/BE to join adult neurology prac- 
tice, Nassau County, Long Island, 


New York. EMG/non-invasives. 500+ 
bed, university affiliated hospital. 
Contact: 


(516) 294-9750 


MASSACHUSETTS seascoast community seeks 
second neurologist to join solo practitioner in com- 
munity hospital practice. Excellent family environ- 
ment with abundant outdoor recreation and major 
scientific institutions nearby. Guaranteed first year 
salary. Relocation expenses provided. Reply: Box 
#805, c/o AON. 








SOUTHEAST UNITED STATES — Excellent oppor- 
tunities for board-certified or board-eligible neurol- 
ogist for solo and group practices. Send CV to: CPR 
Associates, P.O. Box 235005, Montgomery, AL 
36123-5005. 


— IDAHO — 
Multi-specialty group of 26 physicians needs 
neurologist. $80,000 plus bonus first year. Full 
stockholder status thereafter. Many fringe bene- 


fits and excellent outdoor recreational activities 
in this agricultural area 20 miles from the state 
capital. Office adjacent to 165-bed hospital. 
Contact: Michael Crane, 215 East Hawail, 
Nampa, ID 83686. (208) 467-1121. 





DURANGO, COLORADO: Desire BC/BE neurolo- 
gist to join neurosurgeon in southwest Colorado. 
Next to 94 acute plus 11 skilled nursing bed hospital 
(Mercy Medical Center). 140,000 catchment area. 
No neurologist now based in Durango. Sole neuro- 
Surgeon presently in private practice, plus Medical 
Director Regional Rehab Center, plus Medical 
Director Pain Center, plus directs neurodiagnostic 
lab in hospital (EEG, EMG, NCY, evoked potentials, 
brain mapping, thermogram). Needs help! Great 
place to live — hiking, fishing, hunting, etc. Will split 
practice with right applicant. Mail CV or call: Ben 
Crue, Jr., MD, FACS, 1925 East Third Avenue, 
Durango, CO 81301. (303) 259-0779. 












Professional Opportunities 
BE/BC neurosurgeon to join extremely active neu- 
rosurgical service. Salaried, full-time position situ- 
ated equidistant from San Diego and Los Angeles 
without the congestion, problems, and soaring liv- 
ing costs of big cities. This is a teaching institution 
with rotating residents. Salary is extremely attractive 
with full fringe benefits including health insurance. 
This extremely attractive location has all conceiv- 
able recreational facilities within easy reach and has 
excellent schools at all levels. Send CV to: Inland 
Valley Surgical Services Medical Group, Inc., P.O. 
Box 30717, San Bernardino, CA 92413. 


NEUROLOGIST 
BC/BE, full- or part-time, for expanding San 
Francisco Bay area. Private practice with 
emphasis on clinical occupational neurology 
and med-legal evaluations. Expertise in EMG, 
EEG and EP desired. Excellent reputation, 
referral base, facilities and support staff. 
Unqiue income opportunity. 

Submit CV and letter stating professional 
goals, and availability to: 
PERSONNEL 
2040 POLK STREET, BOX 337 
SAN FRANCISCO, CA 94109 





NEUROLOGIST for multi-specialty pain treatment 
center in San Diego. Work with orthopedist, physi- 
cal therapists, psychiatrist. Established 1977. CV to: 
K. Shandell, MD, 1075 Camino Del Rio South, San 
Diego, CA 92108. 


SOUTHEAST COAST — Pediatric neurologist 
needed for busy practice, currently with one pediat- 
ric and two adult neurologists with strong academic 
backgrounds. CT, EEG, EMG and physical therapy 
available in office with consult practice in three hos- 
pitals. First year guarantee of $80,000 plus bonus, 
leading to full partnership after two years. Earnings 
potential, quality of life, availability of strong multi- 
specialty supportare extraordinarily attractive. Reply 
to: Savannah Neurological Associates, P.C., Post 
Office Box 23059, Savannah, GA 31403. 





Cerebral Vascular 
Disease Specialist 


Marshfield Clinic is seeking a second fel- 
lowship-trained cerebral vascular disease 
subspecialist to join its Neurosciences 
Cerebral Vascular Disease unit and 15- 
member Neurology Section. State-of-the- 
art practice. Full range of neurologic lab 
and support services including duplex 
scanning, transcranial doppler, Spect, 
MRI and CAT scanning and invasive 
neuroradiology. Clinical research oppor- 
tunities with possibilities for both individ- 
ual and multicentered national projects. 
Marshfield Clinic is a private group prac- 
tice consisting of 350 physicians repre- 
senting all surgical and medical special- 
ties. The Clinic is physically adjacent to a 
525-bed acute care teaching hospital. 
University of Wisconsin Medical School 
affiliation, a large Medical Research Foun- 
dation, plus a major secondary and terti- 
ary level patient referral base contribute to 
a very stimulating environment. Contact: 


Mr. John P. Folz 
Assistant Director 
1000 N. Oak Avenue 
Marshfield, WI 54449 
or call collect at 

(715) 387-5181 


Marshfield Cinic 
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Professional Opportunities 


ADULT NEUROLOGIST: BC/BE to join well 
established neuroscience group in a rapid 
growing community of southern California. 
EEG, EMG and EP skills necessary. Competi- 
tive salary with excellent benefits. Please send 
CV to: Administrator 

Antelope Valley Neuroscience Medical Group 

44902 North 10th Street West 

Lancaster, CA 93534 è Or call: (805) 945-6931 


MIDWEST UNIVERSITY COMMUNITY — General 
neurology practice with opportunity to pursue sub- 
specialty interests. Extensive referral network 
already exists. Six figure income. Urban oriented 
community provides sophistication and culture. 
Contact in confidence: Stephanie Singer, (800) 
327-1585. 


NEURO-SURGEON needed in north central West 
Virginia. Attractive solo practice opportunity in 300- 
bed hospital serving a 250,000 population. First 
year income of $175,000. Reply with CV to: Darell 
McWilliams, Suite 621, 210 25th Avenue North, 
Nashville, TN 37203. (615) 327-1910. 








ADULT NEUROLOGIST, BC/BE: Quality oriented, 
well-established sophisticated hospital and office 
practice seeks fourth for July 1990 or sooner. Initial 
employment with routine fringes and aim of full 
partnership. Send CV to: 2919 Swann Avenue, Suite 
301, Tampa, FL 33609. 


Minneapolis/St. Paul 
NEUROLOGIST 


BC/BE adult neurologist for both inpatient and 
outpatient settings with expertise in EMG desired, 
to join a group of four neurologists. The neurol- 
ogy department is part of a large multi-specialty 
group practice and staff model HMO. This prac- 
tice of 32 years serves more than 250,000 
members. Work in a challenging environment 
with excellent salary and benefits. Please send 
curriculum vitae to: Group Health, Inc., Physician 
Services, 2829 University Avenue Southeast, 
Minneapolis, MN 55414. 





CHARLOTTE, NORTH CAROLINA — High quality 
group of five neurologists, all of whom are subspe- 
cialized, seeks to add a highly capable, well-trained 
individual who likes people and has a special area of 
neurologic interest. Contact: Mike Kaufman, MD, 
126 Cottage Place, Charlotte, NC 28207. Or call: 
(704) 334-7311. 





NEUROLOGIST needed for beautiful Ozarks in 
southwest Missouri. Established clinic in service 
area of up to two million people. Good affiliation 
with 763-bed hospital which has adjacent EEG, 
EMG and evoked potentials laboratory. The labora- 
tory is a modern and well equipped facility. Reply 
with CV and references to: Darell McWilliams, Suite 
621, 210 25th Avenue North, Nashville, TN 37203. 
Or call: (615) 327-1910. 





SAN FRANCISCO — Outstanding opportunity for 
BC/BE neurologist at 260-bed primary care hospital 
in the growing South of Market area. Excellent op- 
portunity to build practice. Send CV to: Walter 
Kopp, St. Luke’s Hospital, 3555 Army Street, San 
Francisco, CA 94110. (415) 641-6543. 


Faculty Positions 


ADULT NEUROLOGISTS. Tenure track positions 
available at Texas Tech University Health Sciences 
Center. One position is at the El Paso campus for a 
clinically oriented neurologist; two positions are at 
the Lubbock campus for clinically and/or research 
oriented neurologists. The department is expanding 
research programs in Parkinson's and Alzheimer's 
disease. Send CV to: Joseph B. Green, MD, Profes- 
sor and Chairman, Department of Medical and Sur- 
gical Neurology, Texas Tech University Health 
Sciences Center, Lubbock, TX 79430. 


PLEASE NOTE — Address replies to box number 
ads as follows: Box number, , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 


The University of Miami 
School of Medicine 
is seeking qualified applicants for the 
` position of 
PROFESSOR AND 
CHAIRMAN 
Department of Neurology 


The candidate must be board-certified in 
neurology and respond creatively to the 
challenge of clinical care, research and 
teaching in a postgraduate neurology pro- 
gram which currently supports 21 resi- 
dents and 13 fellows. He/she must also 
possess superior skills in clinical neurol- 
ogy, a proven track record in research and 
sound administrative skills. The Depart- 
ment of Neurology is responsible for clini- 
cal neurological services at the 1250-bed 
University of Miami/Jackson Memorial 
Medical Center and the adjacent 490-bed 
Miami V.A. Medical Center. The depart- 
ment also cares for a large number of pri- 
vate and county-supported patients in its 
outpatient facilities. Currently on the 
neurology staff, there are 15 full-time phy- 
sicians and 8 tenured PhD s participating in 
an ongoing clinical care, teaching and 
basic research program. Interested appli- 
cants should send an updated CV to: 


Robert M. Quencer, MD, Chairman 
Neurology Search Committee and 
Director, Division of Magnetic 
Resonance Imaging, University of 
Miami Department of Radiology 
1115 N.W. 14th Street, Miami FL 33136 


The University of Miami offers a competi- 
tive salary and benefits package and is an 
equal opportunity/affirmative action em- 
ployer Qualified minorities and women are 
encouraged to apply. 





CLINICAL EPILEPSY 
TRAINING PROGRAM 


The University of Washington Regional 
Epilepsy Center is pleased to an- 
nounce the availability of post doctor- 
ate fellowships as part of its NIH/ 
NINCDS funded Clinical Epilepsy 
Training Program. The program is 
designed to provide integrated train- 
ing in the clinical and investigational 
aspects of epilepsy. Post MD or PhD 
fellowships of one to two years are 
available with preceptors in the follow- 
ing areas: basic neurophysiology, EEG 
and clinical neurophysiology, neuro- 
chemistry, or neurogenetics of epi- 
lepsy; intraoperative investigations of 
human higher functions during surgi- 
cal therapy; basic and clinical neuro- 
pharmacology of antiepileptic drugs; 
biostatistics; neuropsychology; and 
neuroimaging in epilepsy. 

Payment levels are based on expe- 
rience and follow the current NIH 


funding schedule. Inquiries concern- 
ing fellowships should be directed to: 


Beverly Goddard 
Regional Epilepsy Center ZA-50 
HARBORVIEW MEDICAL CENTER 
325 - 9th Avenue, Seattle WA 98104 


Please indicate your area of interest in 
this initial correspondence. 
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- Faculty Positions - 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or -certified in neurology and have subspecialty 
expertise in movement disorders and/or epilepsy. 
Preference will be given to candidates with interest 
in clinical research. Loyola University is an equal 
opportunity/affirmative action employer. Send cur- 
riculum vitae to: Gastone Celesia, MD, Chairman, 
Department of Neurology, Loyola University Chi- 
cago, 2160 South First Avenue, Chicago, IL 60153. 


FACULTY POSITION available at the assistant 
professor level in the Department of Neurology 
at the University of Illinois at Chicago. The depart- 
ment seeks applicants with expertise in stroke, 
dementia, neuro-oncology, neuro-geriatrics, neuro- 
epidemiology, pain, or electromyography. Send let- 
ter of interest and curriculum vitae to: Daniel B. Hier, 
MD, Head, Department of Neurology, mc796 Uni- 
versity of Illinois at Chicago, Box 6998, Chicago, IL 
60680. UIC is an AA/EOE. 


ACADEMIC NEUROREHABILITATION: A faculty 
appointment at the assistant or associate professor 
level is available at the University of Maryland (Bal- 
timore) in neurorehabilitation. Special interest in 
long term neurologic care of conditions such as 
stroke, head injury, multiple sclerosis, movement 
disorders or neuromuscular diseases is desirable. 
Candidates may have developed expertise in tech- 
niques such as aphasia therapy, swallowing dis- 
orders, treatment of chronic pain, or motor control. 
The Department of Neurology also has a wide range 
of research initiatives in basic and applied fields 
including aphasia linguistics, virology, molecular 
biology and neurophysiology. Independent or col- 
laborative involvement in research bearing upon 
rehabilitative problems in neurology are highly 
encouraged. Please send an expression of interest 
and resume to: Kenneth P. Johnson, MD, Chairman, 
Department of Neurology, University of Maryland 
Hospital, 22 South Greene Street, Baltimore, MD 
21201. An Equal Opportunity Employer. 














Pediatric 
Neurologist 


Marshfield Clinic Department of Neurol- 
ogy isseeking a pediatric neurologist with 
special interest in childhood epilepsy. 
This specialist would join two pediatric 
neurologists, twelve adult neurologists, 
five neuropsychologists and three neuro- 
surgeons in a state-of-the-art practice. 
Full range of neurologic lab and support 
services including duplex scanning, trans- 
cranial doppler, Spect, MRI and CAT 
scanning and invasive neuroradiology. 
Clinical research is possible for both indi- 
vidual and multi-centered national pro- 
jects. Marshfield Clinic is a private group 
practice consisting of 325 physicians 
representing all surgical and medical 
specialties. The Clinic is physically adja- 
cent to a 529-bed acute care teaching hos- 
pital. University of Wisconsin Medical 
School affiliation, a large Medical Re- 
search Foundation, plus a major second- 
ary and tertiary level patient referral base 
contribute to a very stimulating environ- 


ment. Contact: 


Mr. John P. Folz 
Assistant Director 

1000 North Oak Avenue 
Marshfield, WI 54449 
Or call collect at: 

(715) 387-5181 


Marshfield Cinic 
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Faculty Positions 
HENNEPIN COUNTY MEDICAL CENTER (affiliated 
with the University of Minnesota Medical School) 
seeks an adult neurologist to help develop an 
expanding ambulatory care program and an elec- 
tromyography program. The applicant should be 
BC/BE with a strong interest in teaching and elec- 
tromyography. The clinic program includes daily 
general neurology clinics and a variety of special 
Clinics. Salary and benefits are consistent with other 
academic institutions. Interested applicants should 
send a CV, bibliography and, names of three refer- 
ences by 15 March, 1990 to: M.G. Ettinger, MD, 
Chief of Neurology, Hennepin County Medical Cen- 
ter, 701 Park Avenue South, Minneapolis, MN 55415. 
The University of Minnesota and the Hennepin 
County Medical Center are equal opportunity edu- 
cators and employers, and specifically invite and 
encourage applications from women and minorities. 





ACADEMIC NEUROLOGIST sought with training 
in EMG and neuromuscular diseases to build a pro- 
gram. New equipment and general support avail- 
able. Research encouraged and expected. Reply 
with CV to: Joseph B. Green, MD, Chairman, 
Department of Medical and Surgical Neurology, 
Texas Tech University Health Sciences Center, 
Lubbock, TX 79430. Texas Tech University is an 
equal opportunity employer. 





NEUROLOGIST — BC/BE. The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. McIntosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3516 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 





ACADEMIC NEUROLOGISTS are sought by the 
University of Oklahoma College of Medicine. These 
faculty positions enjoy a balanced mixture of aca- 
demic responsibilities in the teaching of medical 
students, residents, and peers, a variety of patient 
care milieus, and both bench and bed research. An 
experienced and visionary child neurologist is 
sought for the Chief of Child Neurology; we wish to 
develop additional child neurology faculty in genet- 
ics and transplantation. Adult neurologists special- 
izing in oncology, coagulation and blood flow, epi- 
lepsy surgery, and aging are highly desirable. Must 
have completed residency training in neurology, 
subspecialty fellowship in the area of expertise, and 
be board-eligible. Submit a letter elaborating your 
background and interests with your CV to: Robert 
M. Shuman, MD, Interim Chair, Department of 
Neurology, University of Oklahoma College of Med- 
icine, P.O. Box 26901, Oklahoma City, OK 73190 
Applications will be accepted continuously until our 
growth potential is filled. EO/AA employer 





COMPUTER APPLICATIONS in neurology. Aca- 
demic neurologist sought to head section dedicated 
to exploring computer applications including expert 
systems, decision analysis, computer modeling, 
and neural networks. Send resume to: Daniel B. 
Hier, MD, Head, Department of Neurology, mc796, 
University of Illinois at Chicago, Box 6998, Chicago, 
IL 60612. UIC is an AA/EOE 


Fellowships 


NEURO-ONCOLOGY FELLOWSHIPS/Instructor- 
ships available for July 1990 and 1991. The Univer- 
sity of California, San Francisco Neuro-Oncology 
Service offers unprecedented opportunities to par- 
ticipate in chemotherapy and radiation therapy 
trials of children and adults with brain tumors. Prac- 
tice is primarily outpatient; approximately 2,000 
patients are seen each year. An optional second 
year of laboratory research is available. Applicants 
for this position will be expected to have a valid 
California medical license and to be board-eligible 
or board-certified in neurology, neurosurgery, or 
medical oncology. There are two positions offered 
each year. Apply to: Michael Prados, MD, Depart- 
ment of Neurological Surgery, Brain Tumor 
Research Center, University of California, San 
Francisco, CA 94143. 





Fellowships — - 


FELLOWSHIP IN PARKINSON'S Disease and 
Movement Disorders available July 1990 at the Uni- 
versity of Southern California. USC is affiliated with 
the National Parkinson Foundation. Send CV to: Dr. 
Cheryl Waters, Department of Neurology, 2250 
Alcazar Street, #109B, Los Angeles, CA 90033. 


CLINICAL NEUROSCIENCE RESEARCH (CNR) 
Postdoctoral Fellowships available for MDs/PhDs 
(or MDs with a significant research record). The 
CNR Fellowships ($30,000-$35,000 per year) will be 
for periods up to three years and will allow the 
researcher to become fully competent in tech- 
niques, concepts, and practice of laboratory 
research that can be used to address the causes 
and treatment of neural or neuropsychiatric dis- 
eases. Trainees will select training settings which 
combine the expertise of two faculty advisors: one 
from the basic sciences, and one from a clinical 
research area. The CNUP training program's core 
neuroscience courses and seminars will be avail- 
able for those fellows requiring additional formal 
instruction. The fellows will be members of clinical 
departments and will be linked with the basic 
Science postdoctoral program. Further details and 
application forms can be obtained from: Dr. Pamela 
Oestreicher, CNUP Executive Assistant, University 
of Pittsburgh, Center for Neuroscience, 337E Scaife 
Hall, Pittsburgh, PA 15261. (412) 648-1805. 


A TWO YEAR Movement Disorder Fellowship, 
including clinical or basic research and beginning 
July 1, 1990, is being offered to qualified applicants 
who are interested in clinical research and training 
in movement disorders, including Parkinson's dis- 
ease, Huntington's disease, and Tourette's syn- 
drome. Special opportunities are available for 
research of experimental therapeutic methods. Fel- 
lowship stipend is commensurate with experience. 
Applicants must have an MD degree and have com- 
pleted approved residency training in neurology. 
Candidates should send CV and three references 
to: Ira Shoulson, MD, or Roger Kurlan, MD, Depart- 
ment of Neurology, Box 673, University of Roches- 
ter Medical Center, 601 Elmwood Avenue, Rochester, 
NY 14642. An equal opportunity employer. 











FELLOWSHIPS 


Behavioral Neurology 
of Aging 


The University of Pittsburgh 
School of Medicine has fellow- 
ships available for a one- or two- 
year research-oriented program 
aimed at training clinician 
researchers in the Behavioral 
Neurology of Aging. 
Candidates must be M.D.s. 
Preference will be given to those 
who have completed a residency 
in neurology, psychiatry, or inter- 
nal medicine. 


Contact: O.M. Reinmuth, M.D. 
Dept. of Neurology 


& University of Pittsburgh 
SCHOOL OF MEDICINE 
Pittsburgh, PA 15261 


(412) 648-9200 





Fellowships 


STROKE — Intensive care fellowship position: 
Available July 1, 1990, a fellowship in stroke and 
intensive care neurology for one year with option 
to renew. Candidates should have completed a neu- 
rology residency and be board-eligible. The candi- 
date will participate in ongoing clinical stroke 
projects. Opportunities for experience in sleep neu- 
rology and pain management are also available. 
Interested parties contact: David C. Anderson, 
Department of Neurology, Hennepin County Medi- 
cal Center, 701 Park Avenue South, Minneapolis, 
MN 55415. (612) 347-2595. 


EEG AND EPILEPSY 
FELLOWSHIP 
The Department of Neurological Sciences, Rush 
Medical College, offers one or two year fellowships 
in clinical EEG, evoked potentials and epilepsy 
beginning July 1, 1990. Fellows have major responsi- 
bility for the inpatient evaluation and management 
of candidates for epilepsy surgery including elec- 
trocorticography and cortical mapping. Fellows 
participate in experimental drug trials, investiga- 
tions of routine and cognitive evoked potentials, 
topographic EEG and EP analysis and critical care 


neurology. The fellowship qualifies for ABCN certi- 
fication. Requirements include successful comple- 
tion of a neurology or neurosurgery residency 
prior to July 1, 1990 and eligibility for Illinois licen- 
sure. Send letter of application, a CV and two let- 
ters of reference to 


Frank Morreli, MD 
Section of Clinical Neurophysiology 
and the Epilepsy Center 
Rush-Presbyterian-St. Luke's Medical Center 
1653 West Congress Parkway, Chicago, IL 60612 
Rush is an equal opportunity employer 


FELLOWSHIP IN NEUROPHYSIOLOGY and epi- 
lepsy: Available for one year beginning July 1, 1990 
at the University of Kansas Medical Center, Kansas 
City, Kansas. Includes training in EEG (both adult 
and pediatric), Evoked Potentials of all three modali- 
ties (visual, auditory and somatosensory), P-300, 
CCTV-EEG Telemetry, and management of epi- 
lepsy. The electrodiagnostics involve materials from 
the University Medical Center, Kansas City VA Med- 
ical Center, and two community hospitals. There is 
an active epilepsy program at the University Medical 
Center. Board eligibility in neurology is required. 
Applicants should send CV and names and 
addresses of three references to: Chi-Wan Lai, MD, 
Director of EEG and Evoked Potentials Lab, 
Department of Neurology, University of Kansas 
Medical Center, 39th & Rainbow Boulevard, Kansas 
City, KS 66103. 





CLINICAL Neurophysiology/Epilepsy fellowship. 
The University of Cincinnati is offering a fellowship 
in an active and expanding program. Training 
includes EEG, evoked potentials, video/EEG moni- 
toring with depth or subdural electrodes, intraoper- 
ative monitoring, and clinical epileptology in adults 
and children. The fellowship will provide ABCN 
board eligibility. For information contact: Michael 
Privitera, MD, Department of Neurology, University 
of Cincinnati Medical Center, Cincinnati, OH 45267- 
0525. (513) 558-5431 


CEREBROVASCULAR DISEASE FELLOWSHIP: 
The University of Maryland Stroke Center offers a 
one or two year fellowship. The University of Mary- 
land is a referral center for over 400 patients yearly 
with stroke and has an acute stroke unit, a longitud- 
inal follow-up clinic, and an active interface with 
neurosurgery and neurologic rehabilitation units. 
The University of Maryland is one of three centers 
nationally with seven years’ continuous participa- 
tion iri the NINCDS-funded Stroke Data Bank. The 
fellow will receive training in clinical diagnosis and 
management, neurosonology (cartoid duplex and 
transcranial Doppler), and clinical research methods 
Some areas of research interest include neuro- 
epidemiology and basic science studies of stroke 
risk factors, endothelial cell surfaces in thrombosis 
and atherogenesis, progressing stroke, stroke in the 
young, sensitivity and specificity of non-invasive 
techniques, clinical trials, aphasia recovery, higher 
cortical function, and post-stroke depressive dis- 
orders. The fellowship carries an academic appoint- 
ment as Instructor of Neurology. Please send letters 
of inquiry and curriculum vitae to: Thomas R. Price, 
MD, Department of Neurology, 22 South Greene 
Street, Baltimore, MD 21201. 
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Fellowships 


NEUROPHYSIOLOGY FELLOWSHIPS. Children's 


Hospital of Michigan, an affiliate of tne Detroit Med- 
ical Center and Wayne State University has two 
Neurophysiology Fellowships available. 1) Fellow- 
ship in Neuromuscular Disease and EMG. Program 
includes training in clinical Neuromuscular dis- 
orders in patients of all ages and electrodiagnosis. 
2) Fellowship in Clinical Neurophysiology and Epi- 
lepsy. Program includes training in EEG, prolonged 
video monitoring and evoked potentials (including 
or monitoring). There is an active epilepsy program 
that includes the surgical treatment of medically 
intractable patients. Candidates should be board- 
eligible in Neurology or Neurology with special 
competence in Child Neurology. There are oppor- 
tunities for research. Interested persons should con- 
tact: Dr. Charise L. Valentine, MD, Children's Hospi- 
tal of Michigan, 3901 Beaubien Boulevard, Detroit, 
MI 48201. (313) 745-5785. 





CEREBROVASCULAR DISEASE — Fellowships in 
cerebrovascular disease are available in the Depart- 
ment of Neurology at the University of lowa. Com- 
prehensive clinical training in the management of 
patients with cerebrovascular disease is comple- 
mented by opportunities for clinical or basic 
research. Fellows are actively involved in patient 
care and are participants in several ongoing local 
and multi-center clinical research studies. Please 
send inquiries to either Harold P. Adams, Jr., MD 
or Jose Biller, MD, Division of Cerebrovascular 
Diseases, Department of Neurology, University of 
lowa, lowa City, IA 52242. Or Call: (319) 356-4110. 
The University of lowa is an affirmative action/equal 
opportunity employer. Women and minorities are 
encouraged to apply. 


Fellowships 


FELLOWSHIP IN ALZHEIMER'S disease/Parkin- 
son's disease for July 1990. One to two years clinical 
and research training with emphasis on neuro- 
pharmacology, neuropsychology and neuroimag- 
ing. Prior research experience desirable. Contact: 
J.H. Growdon, MD, Department of Neurology, ACC 
730, Massachusetts General Hospital, Boston, MA 
02114. 


Residencies 


NEUROLOGY RESIDENCY, PGY2 position avail- 
able at University of Illinois at Chicago for July 
1990.For information contact: Daniel B. Hier, MD, 
Head, Department of Neurology, University of Illi- 
nois, 912 South Wood, Chicago, IL 60612. Tele- 
phone: (312) 996-6496. 





Medical Equipment/ Supplies 


LBM (NEURO DIAGNOSTICS) EMG/NCV unit with 
FCR printer/plotter, excellent condition. $5,200. 
John W. Goodrich, PT. (704) 262-0994. 


Positions Available 


POST-DOCTORAL RESEARCH and training in 
cognitive neuroscience, Immediate applications are 
invited for 2-3 year post-doctoral training in cogni- 
tive neuroscience at Dartmouth Medical School and 
College. Particular interests include investigators 
experience in ERPs, anatomy and/or cognitive 
science, and behavioral neurology. Send vitae and 
two letters to: M.S. Gazzaniga, Program in Cognitive 
Neuroscience, Dartmouth Medical School, Hanover, 
NH 03756. 


We Target The Physician 
You Want! 


The Archives of Neurology's classified recruitment advertising section is 
seen precisely by the physician you need — all neurologists, child neurolo- 
gists and neurological surgeons. A total targeted physician audience of 


almost 14,000. 


Find the physician you need now. Send us your advertising order today. 
Just complete the coupon below and attach your typewritten copy. The 
next available issue is April which closes February 25th. 


The classified rate is $ .95 per word for one issue. For three issues or 
more, the rate is $ .85 per word per issue. Minimum classified ad is 


ORDER FORM 


Insert my ad 
Place my ad under the heading 


times, beginning with the 








Enclosed is my check for $ 
of my advertising schedule. 


Institution 


to cover full payment 





Contact Person 





Address 





City 








Telephone Number 





Authorized Signature 


Send all copy and payments to: 


archives of 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 O Florida (800) 553-8288 O Local (813) 443-7666 
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August 6-7-8, 1990 


Monterey os 


“Modern Dissection Techniques of Bone, Blometals, Bloceramics, and Bloplastics" 


SYMPOSIA/HANDS-ON WORKSHOPS 


for NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, 
and OTOLARYNGOLOGICAL SURGEONS (Neuro 700) 
for ORTHOPAEDIC SURGEONS (Ortho 700) 


presented by MIDAS REX™ Institute 
Course Directors: Susan Mitchell, Ed.D.; Michael Vail, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: The MIDAS REX Hands-On Workshops will 
be held each day from 7:30 a.m. to 1:30 p.m. The workshop 
will A dpe a series of structured exercises utilizing ap- 
ropriate animal bones, skeletal bones, bioplastics, and 
iometals. 
Neuro 700. dissection skills for bonework of the cranium 
and spine, including attention to bioplastics and biometals 
applicable to neurosurgery. 


issection in small bones, large bones, 
spines, joint replacement, revision surgery, 
methylmethacrylate, polyethylene, and biometals, includ- 


ing broken stem extraction. 
CREDIT: C.M.E. Credit Available 


COURSE LOCATION AND ACCOMMODATIONS: The 
Doubletree Hotel at Fisherman's Wharf, Two Portola Plaza, 
Monterey, CA 93940. Phone 408-649-4511. 


ENROLLMENT; Fee (US$): Surgeon $965.00; Fellow/Resi- 
dent $585.00 (with letter from Department Head); All Operat- 
ing Room Personnel (RN/CST/PA/Cther) $250.00. 


Make check to "Monterey gie al Mail to: Midas Rex 
Institute, 2929 Race Street, Fort Worth, TX 76111. Phone: 
800-433-7639 or 817-831-2604. 


Enrollment is limited. Please call to reserve space before 
sending check or voa travel plans. All enrollments are 
made through the Midas Hex office in Fort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 


HILTON HEAD ISLAND 


"Modern Dissection Techniques of Bone, 
Biometals, Bioceramics, and Bioplastics" 


SYMPOSIA/HANDS-ON WORKSHOPS 


July 23-24-25, 1990 


for NEUROSURGEONS, PLASTIC, CRANIOFACIAL, - 
MAXILLOFACIAL, and OTOLARYNGOLOGICAL 





SURGEONS (Neuro 700) 


for OR PERSONNEL (ORP 700) 
presented by 
MIDAS REX™ Institute 


E Course Directors: 
Edward F. Downing, M.D.; John M. Tew, Jr., M.D. 
Susan Mitchell, Ed.D.; Tom Mickel, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: The MIDAS REX Hands-On Workshops will 

be held each day from 7:30 a.m. to 1:30 p.m. The workshop 

will emphasize a series of structured exercises utilizing appro- 

pae DT bones, skeletal bones, bioplastics, and 
etals. 


Neuro 700—dissection skills for bonework of the cranium and 
spine, including attention to bioplastics and biometals appli- 
cable to neurosurgery. 

ORP 790—dissection skills to become familiar with the appli- 
cations of power instrumentation; discussion of and participa- 
tion in problem solving, care, and proper maintenance of 
power equipment. 


COURSE LOCATION and ACCOMMODATIONS; Palmetto 
Dunes Resort, Hilton Head Island, SC 29938. Phone 800- 
845-6130 or 803-785-1161. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fellow/Resi- 
dent $585.00 (with letter from Department Apres es Operat- 
ing Room Personnel (RN/CST/PA/Other) $250.00. Make 
check to "Hilton Head Symposium." Mail to: Midas Rex 
Institute, 2929 Race Street, Worth, TX 76111. Phone: 
800-433-7639 or 817-831-2604. 


*Enrollment is limited. Please call to reserve space before 
sending check or arranging travel plans. All enrollments are 
made through the Midas Rex office in Fort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 





From refill to refill... 
which carbamazepine 
will your patient 

get next? 


TEGRETOL is indicated 
for children 6 years 
and older and adults 


Because of the potential 

for serious hematologic 
adverse reactions, it IS 
important that you become 
thoroughly familiar with 

the full Prescribing 
Information for TEGRETOL 
on the following page 
especially the boxed warning 


CIBA—GEIGY 


Prevent substitution 
when you 

prescribe Tegretol 

Sign each prescription on the line 
that prevents substitution, or 

add the phrase required in your 
state to prevent substitution: 


O Dispense As Written 

O No Substitution 

O Do Not Substitute 

O Brand Necessary 

O No Drug Product Selection 
O May Not Substitute 

O Medically Necessary 





For your Medicaid patients... 
To prevent substitution of 

TEGRETOL for your Medicaid 
patients, be sure to add the 

phrase “Brand Medically 

Necessary" on each prescription. 







Tegretol 4% 2. 


arbamazepine USP 


... because there's no 


substitute for experience. 


Tegretol* 


carbamazepine USP 


Chewable Tablets of 100 mg—red-speckied, pink Tablets of 200 mg—pink 





WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION HOWEVER 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND 
APLASTIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 
OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO 
SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS, COM- 
PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A 
BASELINE IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR 
DECREASED WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD 
BE MONITORED CLOSELY DISCONTINUATION OF THE ORUG SHOULD BE CON- 
SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 











Before prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs. 
especially those which accentuate toxicity potential 


DESCRIPTION 

Tegretol. carbamazepine USP is an anticonvulsant and specific analgesic for trigeminal 
Neuralgia available as chewable tablets of 100 mg and tablets ot 200 mg for oral admin 
istration Its chemical name is 5H-dibenz[b t]azepine-5-carboxamide. and its structural 
formula is 


CONH; 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone Its molecular weight is 236 27 
Inactive Ingredients Colloidal silicon dioxide FD&C Red No 3 (chewable tablets only), 
FO&C Red No 40 (200-mg tablets only), flavoring (chewable tablets only). gelatin glycer 
in, magnesium stearate sodium starch glycolate (chewable tablets only), starch. stearic 
acid. and sucrose (chewable tablets only) 
CLINICAL PHARMACOLOGY 
In controlled clinical trials. Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures. as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats It depresses thalamic potential and 
bulbar and polysynaptic reflexes including the linguomandibular reflex in cats Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to contro! the pain of 
trigeminal neuralgia. The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at à slower rate than a 
solution, thus avoiding undesirably high peak concentrations Tegretol in blood iS 76% 
bound to plasma proteins Plasma levels of Tegretol are variable and may range trom 
0 5-25 ug/ml. with no apparent relationship to the daily intake of the drug Usual adult 
therapeutic levels are between 4 and 12 ug/ml Following oral administration, serum 
levels peak at 4 to 5 hours The CSF/serum ratio is 0 22 similar to the 22% unbound 
Tegretol in serum Because Tegreto! may induce its own metabolism, the half-life is also 
variable Initial half-life values range trom 25-65 hours. with 12-17 hours on repeated 
doses Tegretol is metabolized in the liver After oral administration of '4 C-carbamaze- 
pine, 72% of the administered radioactivity was found in the urine and 28% in the feces 
This urinary radioactivity was composed largely of hydroxylated and conjugated metabo- 
lites with only 3% of unchanged Tegretol Transplacental passage of Tegretol is rapid (30 
to 60 minutes), and the drug is accumulated in fetal tissues. with higher levels found in 
liver and kidney than in brain and lungs 
INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated tor use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived trom active drug-controlled studies 
that enrolled patients with the following seizure types 
1 Partial seizures with complex symptomatology (psychomotor. temporal lobe) Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal) 
3 Mixed seizure patterns which include the above. or other partial or generalized 
seuures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS. General) 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not a simple analgesic and should not be used for the relet of trivial aches or 
pains 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds, such 
as amitriptyline. desipramine imipramine. protriptyline, nortriptyline. etc Likewise, on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol. MAO inhibitors should be discontinued for a minimum 
ot fourteen days. or longer if the clinical situation permits 
WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell s syndrome) 
and Stevens-Johnson syndrome have been reported with Tegreto! These reactions have 
been extremely rare. However a few fatalities have been reported 

Tegretol! has shown mild anticholinergic activity. therefore, patients with increased 
intraocular pressure should be closely observed during therapy 

Because of the relationship of the drug to other tricyclic compounds. the possibility of 
activation of a latent psychosis and. in elderly patients, of confusion or agitation should be 
borne in mind 
PRECAUTIONS 
General: Before initiating therapy. a detailed nistory and physical examination should be 
made 

Tegreto! should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
à history of cardiac. hepatic or renal damage. adverse hematologic reaction to other 
drugs. or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem. such as fever sore throat. ulcers in the 
mouth easy bruising. petechial or purpuric hemorrhage. and should be advised to report 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur. patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts. including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline It a patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts. the patient should 
be monitored closely. Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver function, particularly in patients with a history 
of liver disease. must be performed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases o! aggravated liver 
dystunction or active liver disease 1 

Baseline and penodic eye examinations, including slit-lamp tunduscopy and tonome- 
try, are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dysfunction 


Monitoring of blood levels (see CLINICAL PHARMACOLOGY) nas increased the efficacy 
and safety of anticonvulsants This monitoring may 5e particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance In addition 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital. phenytoin 
or pnmidone or a combination of two produces a marked lowering of serum levels 
of Tegretol 

The half-lives of phenytoin. warfarin doxycycline. and theophylline were significantly 
shortened when administered concurrently with Tegretol Haloperidol serum levels may be 
reduced when the drug is administered with Tegretol The doses of these drugs may 
therefore nave to be increased when Tegretol is added to the therapeutic regimen 

Concomitant administration of Tegretol with erythromycin, cimetidine. propoxyphene 
isoniazid or calcium channel blockers nas been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases Also concomitant administration of 
carbamazepine and lithium may increase the risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely aftected 
Carcinogenesis. Mutagenesis, Impairment of Fertility: Carbamazepine when 
administered to Sprague-Dawley rats tor two years in the diet at doses of 25. 75. and 250 
mg/kg/day. resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must. therefore be considered to de carcinogenic in Sprague-Dawley 
tats Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results The significance of these tindings relative to the use of carbamazepine in 
humans is. at present. unknown 
Pregnancy Category C: Tegretol has been shown to nave adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 times the maximum numan daily dosage 
011200 mg in rat teratoiogy studies, 2 of 135 offspring snowed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate 1. talipes. 1 
anophthalmos 2) In reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies n pregnant women Tegretol should 
be used during pregnancy only if the potentia! benefit justifies the potential risk to the 
fetus 

Retrospective case reviews suggest that. compared with monotherapy. there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Therefore. monotherapy is recommended for pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to lite in 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient. discontinuation of the 
drug may be considered prior to and during pregnancy. although it cannot be said with any 


Only TEGRETOL 
brand of carbamazepine 
Provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet. as well as 
a 200-mg scored tablet 





confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The ettect of Tegretol on human labor and delivery ıs unknown 
Nursing Mothers: During lactation. concentration ot Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because ofthe potential for serious adverse reactions in nursing infants trom carbamaz- 
epine a decision should be made whether to discontinue nursing or to discontinue the 
drug. taking into account the importance of the drug to the mother 
Pediatric Use: Satety and effectiveness in children below the age of 6 years have not been 
established 
ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued. the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the nemopoietic system (see 
boxed WARNING) the skin and the cardiovascular system 

The most frequently observed adverse reactions. particularly during the initial phases of 
therapy. are dizziness. drowsiness unsteadiness nausea. and vomiting To minimize the 
possibility of such reactions. therapy should be initiated at the low dosage recommended 

The following additional adverse reactions have been reported 
Hemopoietic System Aplastic anemia. agranulocytosis. pancytopenia bone marrow 
depression, thrombocytopenia, leukopenia leukocytosis eosinophilia 
Skin Pruritic and erythematous rashes urticana, toxic epidermal necrolysis (Lyells 
syndrome) (see WARNINGS). Stevens-Johnson syndrome (see WARNINGS). photosensi- 
tivity reactions, alterations in skin pigmentation exfoliative dermatitis. erythema multi 
forme and nodosum, purpura aggravation of disseminated lupus erythematosus 
alopecia, and diaphoresis In certain cases. discontinuation of therapy may be necessary 
Cardiovascular System Congestive heart failure. edema. aggravation of hypertension 
hypotension, syncope and collapse. aggravation of coronary artery disease. arrhythmias 
and AV block. primary thrombophlebitis. recurrence of thrombophlebitis and adenopathy 
or lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tricyclic compounds 
Liver Abnormalities in liver function tests cholestatic and hepatocellular jaundice 
hepatitis 
Respiratory System Pulmonary hypersensitivity characterized by fever dyspnea, pneu- 
monitis or pneumonia 
Genitourinary System Urinary frequency acute urinary retention. oliguria with elevated 
blood pressure. azotemia. renal tailure and impotence Albuminuria glycosuria, elevated 
BUN and microscopic deposits in the urine nave also been reported 

Testicular atrophy occurred in rats receiving Tegretol orally from 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day Additionally, rats receiving Tegretol in the diet for two years 
at dosage levels of 25, 75. and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs. it produced a brownish discoloration presum- 
ably a metabolite. in the urinary bladder a! Cosage levels of 50 mg/kg and migher 
Relevance of these findings to humans is unknown 
Nervous System Dizziness. drowsiness, disturbances of coordination. contusion, head- 
ache. fatigue, blurred vision. visual hallucinations transient diplopia. oculomotor distur- 
bances. nystagmus, speech disturbances. abnormal involuntary movements peripheral 
neuritis and paresthesias, depression with agitation talkativeness. tinnitus, and hyper- 
acusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency. but the exact relationship of these reactions to the drug ^as not been 
established 
Digestive System Nausea. vomiting gastnc distress and abdominal pain diarrhea 
constipation, anorexia, and dryness of the mouth and pharynx including glossitis 
and stomatitis 
Eyes Scattered. punctate, cortical lens opacities. as well as conjunctivitis have been 
reported Although a direct causal relationship has not been established many phenothia- 
zines and related drugs have been shown to Cause eye changes 
Musculoskeletal System. Aching joints and muscies, and leg cramps 
Metabolism Fever and chills Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication. with decreased serum sodium 
(hyponatremia) and contusion. have been reported in association with Tegretol! use (see 
PRECAUTIONS. Laboratory Tests) 
Other Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports of elevated levels of cholesterol, HDL cholesterol and 
triglycerides in patients taking anticonvulsants 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol. nor is there evidence of 
psychological or physical dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowes! known lethal dose adults >60 g (39-year-old man) Highest known doses 
survived adults. 30 g (31-year-old woman) children 10 g (6-year-old boy), small 
children. 5 g (3-year-old gir!) 

Oral LDso in animals (mg/kg) mice. 1100-3750. rats. 3850-4025 rabbits. 1500-2680 
guinea pigs. 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are tne 
most prominent Cardiovascular disorders are generally milder. and severe cardiac com- 
plications occur only when very nigh doses (>60 g) have been ingested 
Respiration \rregular breathing. respiratory depression 
Cardiovascular System Tachycardia. hypotension or hypertension shock. conduction 
disorders 
Nervous System and Muscles Impairment of consciousness ranging in severity to deep 
coma Convulsions especially in small children. Motor restlessness. muscular twitching 
tremor, athetoid movements opisthotonos ataxia drowsiness. dizziness. mydriasis 
nystagmus, adiadochckinesia, ballism. psychomotor disturbances, dysmetria Initial 
hyperretiexia followed by hyporeflexia 
Gastrointestinal Tract Nausea. vomiting 
Kidneys and Bladder Anuna or oliguria. urinary retention 
Laboratory Findings Isolated instances of overdosage have included leukocytosis re 
duced leukocyte count giycosuria and acetonuria EEG may show dysrhythmias 
Combined Poisoning When alcohol, tricyclic antidepressants. barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt elimination 
of the drug. which may be achieved by inducing vomiting irrigating the stomach. and by 
taking appropriate steps to diminish absorption If these measures cannot be implemented 
without risk on the spot. the patient should be transferred at once to a hospital, while 
ensuring that vital functions are safeguarded There is no specific antidote 
Elimination of the Drug. Induction ot vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach should be repeatedly irrigated, especially if tne patient has also 
consumed alcohol 
Measures to Reduce Absorption Activated charcoal. laxatives 
Measures to Accelerate Elimination Forced diuresis 

Dialysis is indicated only in severe poisoning associated with rena! failure Replacement 
transtusion is indicated in severe poisoning in small children 
Respiratory Depression Keep the airways tree. resort. it necessary, to endotracheal 
intubation artificial respiration and administration of oxygen 
Hypotension. Shock Keep the patient s legs raised and administer a plasma expander If 
blood pressure fails to rise despite measures taken to increase plasma volume. use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especially in 
Children), hypotension. and coma However barbiturates should not be used if drugs that 
inhibit Monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one week) 
Surveillance Respiration, cardiac function (ECG monitoring), blood pressure body tem- 
perature pupillary reflexes, and kidney and bladder function should be monitored for 
Several days 
Treatment of Blood Count Abnormalities. |t evidence of significant bone marrow depres- 
sion develops the following recommendations are suggested (1) stop the drug. (2) per- 
form daily CBC. platelet and reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Special periodic studies might be helpful as follows. (1) white cell and platelet anti- 
bodies, (2) 59Fe—terrokinetic studies. (3) peripheral blood cell typing. (4) cytogenetic 
studies on marrow and peripheral blood, (5) bone marrow culture studies tor colony- 
forming units (6) hemoglobin electrophoresis tor A» and F hemoglobin. and (7) serum 
folic acid and B49 levels 

A fully developed aplastic anemia will require appropriate. intensive monitoring and 
therapy. for which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS Laboratory Tests) Dosage should be adjusted to the needs of the individual 
patient A low initial daily dosage with a gradual increase is advised As soon as adequate 
control is achieved. the dosage may be reduced very gradually to the minimum effective 
level Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—initial 200 mg b. d Increase at weekly 
intervals by adding up to 200 mg per day using ati d or gid regimen until the best 
response is obtained Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum effective level. usually 800-1200 mg daily 
Children 6-12 years of age—Initial: 100 mg d | d Increase at weekly intervals by adding 
100 mg per day usinga t ! d org id regimen until the best response is obtained Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level. usually 400-800 mg daily 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants When 
added to existing anticonvulsant therapy. the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased. except phenytoin. which 
may have to be increased (see PRECAUTIONS Drug interactions and Pregnancy Category 
Oo 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: 100 mg b | d. on the first day for a total daily dose of 200 mg This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom trom pain Do not exceed 1200 mg daily 
Maintenance: Contro) of pain can be maintained in most patients with 400 mg to 800 mg 
daily However some patients may be maintained on as little as 200 mg daily. while others 
may require as much as 1200 mg daily At least once every 3 months throughout the 
treatment period, attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 
HOW SUPPLIED 
Chewable Tablets 100 mg—round red-speckled. pink. single-scored (imprinted Tegretol 
on one side and 52 twice on the scored side) 
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Observations 


Peripheral Neuropathy Associated 
With a,-Antitrypsin Deficiency 


William G. Frederick, PhD, MD; Rosa Enriquez, MD; Michael J. Bookbinder, MD 


è Peripheral neuropathy associated 
with a,-antitrypsin deficiency is an uncom- 
mon condition. Several recent studies 
have investigated the possible roles of se- 
rum proteinase inhibitors in inflammatory 
neuropathies, such as multiple sclerosis, 
Landry-Guillain-Barré syndrome, and vari- 
ous chronic inflammatory demyelinating 
peripheral neuropathies. We present a 
case in which a,-antitrypsin deficiency 
(proteinase inhibitor ZZ phenotype) was 
diagnosed in a young white man with clin- 
ical signs and symptoms of peripheral 
neuropathy and a history of Landry-Guil- 
lain-Barré syndrome. We wish to empha- 
size the importance of serum protein elec- 
trophoresis in the diagnostic workup of 
patients presenting with the clinical man- 
ifestations of peripheral neuropathy. 

(Arch Neurol. 1990;47:233-235) 


Establishing the diagnosis of a pe- 

ripheral neuropathy is often the 
first step in what proves to be an 
exhausting, time-consuming, expen- 
sive, and frequently unrewarding 
search for an etiologic agent. Periph- 
eral neuropathies have been associ- 
ated with a vast array of diseases and 
intoxications and are extremely heter- 
ogeneous in their clinical presenta- 
tions. The acute, subacute, chronic, or 
relapsing nature of these disorders, 
the degree of symmetry in anatomic 
distribution, and the variable involve- 


; mentof sensory, motor, and autonomic 


nerves all serve to complicate the di- 
agnosis. Furthermore, since periph- 
eral neuropathies have been associ- 
ated with a number of genetic or met- 
abolic disorders, it is standard practice 
to follow a careful history and physical 
examination with a series of directed 
laboratory and electrophysiological 
tests. These commonly include tests to 
rule out infectious causes such as hep- 
atitis B or Epstein-Barr virus infec- 
tion; a thorough workup to exclude oc- 
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cult malignancy (both solid tumors 
and hematologic malignancies) includ- 
ing serum screens for paraproteine- 
mias; elevation of possible nutritional 
deficiencies (vitamins B, and B,,); and 
screening tests for diabetes, porphyr- 
ias, and collagen-vascular diseases. If 
the history suggests occupational or 
other exposure to toxic heavy metals or 
solvents, additional specific screens 
may be added. We report the unusual 
association of a,-antitrypsin (AAT) 
deficiency and peripheral neuropathy 
in a 29-year-old man admitted for 
evaluation of an acute exacerbation of 
chronic lower-extremity weakness 6 
years after he recovered from an acute 
ascending motor paralysis diagnosed 
as Landry-Guillain-Barré syndrome. 


REPORT OF A CASE 


A 29-year-old white male construction 
worker presented to the Medicine Service 
with a 2- to 3-week history of increasing 
weakness of his hands and legs, increas- 
ingly frequent loss of balance, and painful 
muscle cramps in his thighs and calves. He 
reported frequent headaches and occa- 
sional episodes of slurred speech, and ad- 
mitted to a weight loss of approximately 9 
kg over the preceding 6 months, which he 
attributed to poor diet. 

Six years before the present admission, 
the patient had been admitted emergently 
to Yale-New Haven (Conn) Hospital with 
an acute ascending paralysis. His symp- 
toms began approximately 2 weeks after an 
acute febrile illness that lasted 2 days and 
that was associated with sharp bifrontal 
headaches. He had no known neurologic 
diseases at that time, had no recent travel 
or immunization history, and was not tak- 
ing any medications, but did have occa- 
sional exposure to lead solder in his job as 
a construction worker. His hospital course 
was characterized by progressive loss of 
motor function that required brief ventila- 
tory support of respiration. Autonomic dys- 
function was also prominent, with episodic 
hypertension, tachycardia, transient eleva- 
tion of thyroxine levels, and periodic flush- 
ing of the skin of the upper part of the torso. 
Extensive laboratory workup at that time 
revealed no evidence of metabolic, neoplas- 
tic, or toxic disease. The patient responded 
well to initial methylprednisolone therapy 
(80 mg/d), which was continued for 7 days 
and then tapered over a 2-week period. He 
was discharged 10 weeks after admission. 
He spent approximately 3 months in a 
rehabilitation program at the West Haven 


(Conn) Veterans Administration Hospital, 
after which he returned to work. He was 
seen regularly in the outpatient neurology 
clinic until 1985, after which he was un- 
available for follow-up. Only minimal re- 
sidual lower-extremity weakness was 
noted. 

Physical examination at the time of the 
present admission was remarkable for a 
slight tenderness in the right upper quad- 
rant of the abdomen (liver was not palpa- 
ble), a grade II/VI systolic ejection murmur 
at the left sternal border with radiation to 
the left axilla, and neurologic examination 
results consistent with a peripheral neu- 
ropathy. A neurology consultation was ob- 
tained, and a slight decrease in muscle 
strength was noted in both upper and lower 
extremities. Proximal muscle strength was 
normal in both upper and lower extremities 
(5/5), but distal muscle strength was 
slightly decreased (4/5). Achilles reflexes 
were decreased bilaterally, and there was a 
symmetrical bilateral peripheral sensory 
neuropathy with a “glove and stocking” 
distribution. All sensory modalities were 
involved (light touch, pinprick, propriocep- 
tion, vibration, and two-point discrimina- 
tion). Results of cerebellar function tests 
were normal; however, gait was broad- 
based, with a positive Romberg sign. No 
central nervous system deficits were noted. 
Electromyographic studies were performed 
on the right median, ulnar, and peroneal 
nerves. The right median nerve motor la- 
tency was 5.6 milliseconds, and the conduc- 
tion velocity was 49 m/s. The F wave was 60 
m/s. The right median sensory distal la- 
tency was 4.5 milliseconds, the amplitude 
was 3.8 mV, and the conduction velocity was 
32 m/s. The right ulnar nerve sensory dis- 
tal latency was 5.3 milliseconds, and the 
conduction velocity was 27.3 m/s. The right 
peroneal nerve motor distal latency was 
15.6 milliseconds, and the conduction veloc- 
ity was 38 m/s. In each case the latencies 
were prolonged and the conduction veloci- 
ties decreased. The results were thought to 
be consistent with a generalized peripheral 
neuropathy. In addition, visual-, auditory-, 
and sensory-evoked potentials were re- 
corded to unilateral stimulation. All laten- 
cies and waveforms were within normal 
limits, and no evidence of demyelinating 
disease was seen. 

Pathology consultation was obtained be- 
fore a sural nerve biopsy was performed, 
and a serum protein electrophoretic evalu- 
ation was ordered in addition to other rou- 
tine screening tests. The biopsy was per- 
formed, and immunoperoxidase staining 
for myelin basic protein revealed patchy 
demyelination of the nerve fibers without 
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Top left, Sural nerve biopsy specimen stained for myelin basic protein (darkly stained area from 6 to 9 o'clock) (immunoperox- 
idase, X250). Top right, Serum electrophoretic profile showing absence of a,-proteins in patient's serum (lane 8). Asterisks in- 
dicate lack of a,-band. Bottom left, Liver biopsy specimen stained with periodic acid-Schiff (PAS) after diastase digestion to re- 
move glycogen. There is diastase-resistant PAS-positive material within hepatocytes, as well as marked fibrosis and lymphocytic 
infiltration (X400). Bottom right, Liver biopsy specimen stained for a,-antitrypsin using immunoperoxidase method, thus confirm- 
ing the nature of the intracellular accumulations noted by other methods (X400). 


evidence of active inflammation (Figure, 
top left). A complete absence of a,-proteins 
was noted on serum protein electrophoresis 
(Figure, top right). Quantitation of AAT by 
nephelometry revealed a serum concentra- 
tion of 0.2 g/L (normal range, 0.8 to 2.1 g/ 
L). Phenotyping of AAT was performed us- 
ing isoelectric focusing and disclosed a pro- 
teinase inhibitor (PI) ZZ phenotype, which 
is associated with markedly decreased se- 
rum concentrations of this glycoprotein. A 
liver biopsy was performed and revealed 
chronic inflammation without hepatocyte 
necrosis; intracellular accumulation of pe- 
riodic acid-Schiff-positive, diastase-resis- 
tant material within hepatocytes; and mild 
fibrosis. Confirmation of this intracellular 
material as AAT was performed by stan- 
dard immunohistochemical techniques us- 
ing AAT-specific antibodies (Figure, bot- 
tom left and right). 


COMMENT 


a,-Antitrypsin deficiency is a genetic 
disorder that is familiar to most phy- 
sicians and is usually associated with 
pulmonary emphysema and hepatic 
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cirrhosis.' Although the present pa- 
tient showed no evidence of the former 
(normal pulmonary function test 
results), he had obviously active liver 
disease. Parental alleles are codomi- 
nant and, to date, over 30 alleles have 
been described. Two mutant PI pheno- 
types have been characterized at the 
molecular level (PIZZ and PIS), and 
each results from a single amino acid 
substitution in the 52-kd single-chain 
glycoprotein normally present 
(PIM).?^ In each case, the mutant gene 
is transcribed and translated, but the 
resultant proteins are not glycosylated 
or secreted in the usual fashion. 
Proteinases and serum PIs have long 
been implicated in the pathogenesis of 
immunologically mediated neurologic 
diseases. One recent study that deter- 
mined the AAT phenotypes in 298 pa- 
tients with Landry-Guillain-Barré 
syndrome, chronic inflammatory de- 
myelinating polyneuropathy, or mul- 
tiple sclerosis showed a small but sta- 


tistically significant increase in the 
prevalence of the M, allele.’ No associ- 
ation with the PIZZ allele was noted. 

A large number of studies have at- 
tempted to define the roles of PIs in 
immune-mediated diseases of the cen- 
tral nervous system, particularly de- 
myelinating diseases. The results have 
been equivocal. While some studies 
showed no difference in AAT or o;- 
macroglobulin levels in the serum 
samples from patients with multiple 
sclerosis compared with those from 
patients with non-neurologic disease, 
others have shown a functional de- 
crease in both AAT and a;-macroglob- 
ulin activities in vitro when exogenous 
myelin basic protein was added to 
cerebrospinal fluid." Furthermore, at 
least one earlier study of PIs in the 
cerebrospinal fluid samples from pa- 
tients with multiple sclerosis reported 
significantly depressed levels of AAT 
and transferrin, normal levels of o;- 
macroglobulin, and increased levels of 
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IgG.’ In spite of the current ambigu- 
ities, it appears likely that PIs may 
play a regulatory role in inflammatory 
demyelinating diseases. Decreases in 
either the concentrations or functional 
activities of these inhibitors may pre- 
dispose the patient to increased sever- 
ity of disease or to a more chronic 
course. The clinical manifestations of 
demyelinating disease or peripheral 
neuropathy should prompt an electro- 
phoretic evaluation of serum for ab- 
normalities of serum PIs or other se- 
rum proteins. 


The authors wish to acknowledge the technical 
assistance of Margaret McHugh, who performed 
the immunohistochemical staining; Judy 


Schuster, who performed the serum protein elec- 
trophoresis; and Sandra Kowalsky, who assisted 
in the preparation of this manuscript. 
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Perspective on Oculomotor Fascicular Organization in the 
Ventral Midbrain Tegmentum 


Othoniel Castro, MD; Lenworth N. Johnson, MD; Alexander C. Mamourian, MD 


€ We present the case of an isolated in- 
ferior oblique muscle paresis from ventral 
midbrain infarction involving the oculomo- 
tor fascicular fibers. Based on this case 
andareview of the literature, the anatomic 
organization of the oculomotor nerve fas- 
cicles and of the pupillary fibers in the 
ventral midbrain tegmentum is proposed. 

(Arch Neurol. 1990;47:235-237) 


I solated inferior oblique muscle pare- 

sis is an uncommon entity. In the 
majority of cases, the cause of the iso- 
lated inferior oblique muscle paresis is 
unknown. Midbrain lesions at the 
level of the oculomotor nucleus or fas- 
cicles are speculated, though never 
documented, to account for some cases 
of isolated inferior oblique muscle 
paresis.”* 

The location of the pupillary para- 
sympathetic fibers in the ventral mid- 
brain tegmentum is also uncertain. 
Pupil sparing in oculomotor fascicular 
palsy has been postulated to arise from 
the wide dispersion of the pupillary fi- 
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bers in the midbrain tegmentum.^* In- 
deed, Crosby’ has presented several 
figures illustrating the parasympa- 
thetic and somatic components of the 
oculomotor nerve. In some figures the 
parasympathetic pupillary fibers are 
medial in the midbrain, but in others 
they are more lateral, adding to the 
confusion of the location of the pupil- 
lary fibers in the midbrain. 

We present a case of isolated infe- 
rior oblique muscle paresis from in- 
farction of the inferior oblique muscle 
fascicles in the midbrain. The patient 
had no other associated neurologic 
dysfunction. Based on this case and a 
review of the literature, a proposed 
anatomic organization of the oculomo- 
tor nerve fascicles and of the pupillary 
fibers in the ventral midbrain tegmen- 
tum is presented. 


REPORT OF A CASE 


A 69-year-old woman, without any previ- 
ous ocular disorder, presented with sudden 
onset of vertical diplopia. The diplopia was 
present primarily when she was recumbent 
watching television or when reading. There 
was no history of head trauma. She had no 
other neurologic symptoms. She had a long- 
standing and unchanged gait disturbance, 
having undergone multiple lower extremity 
operations since age 3 years for residual ef- 
fects of poliomyelitis. She had hyperten- 
sion. Six months prior to her evaluation she 
sustained a myocardial infarction for which 
she underwent coronary angioplasty. Hy- 


pothyroidism was diagnosed 5 years ago. 

The neuro-ophthalmic examination was 
normal except for ocular misalignment of 
two prism diopters left hypertropia in pri- 
mary position. The left hypertropia in- 
creased in left gaze to 8 prism diopters. 
There was no ocular misalignment in right 
gaze or with right head tilt. There was 5 
prism diopters left hypertropia on left- 
sided head tilt. There was no overaction of 
the superior or inferior oblique muscles, 
nor was there any restriction of eye muscle 
movement. This pattern of ocular deviation 
was consistent with a right inferior oblique 
muscle paresis by Parks’ three-step test.’ 
Anisocoria was present with the right pupil 
(2.5 mm) being 1 mm smaller than the left 
pupil. The pupils reacted briskly to light 
and to near stimulation. Levator palpebrae 
function was normal, without evidence of 
lid fatigue on persistent eyelid elevation or 
Cogan’s lid twitch as might occur with my- 
asthenia gravis. There was no upside-down 
ptosis or upper lid ptosis as seen with 
Horner’s syndrome. There was no weakness 
noted of the orbicularis oculi muscle. Neu- 
rologic examination was normal apart from 
the long-standing gait disturbance from 
weakness of the lower extremity muscles. 
The upper extremity muscles were of 
normal strength, without evidence of 
contralateral hemiparesis, hyperkinesia, 
ataxia, or other signs of neuromuscular 
dysfunction. 

Results of a 5-hour glucose tolerance test, 
Westergren sedimentation rate, and sero- 
logic studies for myasthenia gravis were 
normal. A computed tomographic (CT) scan 
of the orbit was normal, without evidence of 
extraocular muscle enlargement. A CT scan 
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of the brain was likewise normal. Magnetic 
resonance imaging (Fig 1) showed in- 
creased signal intensity on T,-weighted im- 
ages in the ventrolateral, right midbrain 
tegmentum, compatible with lacunar in- 
farction involving the fascicular oculomo- 
tor fibers. Complete resolution of the diplo- 
pia and normal ocular motility were noted 
6 months after the onset of the diplopia. 


COMMENT 


A nerve injury producing paresis of 
a single muscle subserved by the ocu- 
lomotor complex could be located any- 
where from the oculomotor nucleus to 
the myoneural junction. However, it is 
at the level of the oculomotor nucleus 
or the nerve fascicles that the oculo- 
motor neurons are still relatively sep- 
arated, and so, could be the site of an 
isolated injury from occlusion of a 
perforating end artery.? 

Studies by Warwick'? and Buttner- 
Ennever and Akert! have helped to 
clarify the organization of the oculo- 
motor nucleus. Warwick” in his classic 
work used retrograde degeneration 
methods to define the subnuclei of the 
oculomotor nuclear complex. Buttner- 
Ennever and Akert!! subsequently la- 
beled motoneurons of the oculomotor 
nuclear complex by injecting horse- 
radish peroxidase and radiolabeled 
wheat germ agglutinin into extraocu- 
lar muscles of primates and further 
differentiated the arrangement. Clini- 
cal data" in humans are consistent 
with the findings of these laboratory 
studies in primates. 

To date the organization of the ocu- 
lomotor fascicles in the midbrain is 
uncertain. In general, fascicular ocu- 
lomotor palsies are associated with 
other neurologic signs such as cerebel- 
lar ataxia, contralateral choreoathe- 
tosis, tremor, hemiballism, or con- 
tralateral  hemiparesis. However, 





Fig 1.—T,-weighted magnetic resonance im- 
age showing an area of increased signal inten- 
sity (arrow) compatible with infarction in the 
ventral midbrain tegmentum. 
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there have been reported cases of ocu- 
lomotor fascicular injury with either 
transient or no neurologic manifesta- 
tion, similar to our case.^*'^^ Our pa- 
tient presented with an isolated right 
inferior oblique muscle paresis with 
sparing of all other fascicles of the oc- 
ulomotor nerve. The brisk pupillary 
reaction to light and near stimulation 
and the smaller right pupil indicated 
that the pupillary parasympathetic fi- 
bers were also spared. There was no 
evidence of thyroid eye disease or 
Brown's tendon sheath syndrome as 
noted by the absences of ocular motil- 
ity restriction, periocular congestion, 
conjunctival injection, and proptosis, 
and the normal orbital computed 
tomographic scan. An acute skew de- 
viation is often accompanied with 
other brain-stem or cerebellar signs or 
symptoms that were not present. The 
lack of variability in the ocular devia- 
tion, absence of ptosis and orbicularis 
oculi and systemic muscle weakness 
apart from the long-standing and un- 
changed lower extremity weakness, 
and the absence of detectable antibod- 
ies to striated muscle and acetylcho- 
line receptor made myasthenia gravis 
unlikely. Edrophonium test was not 
conducted due to the recent myocar- 
dial infarction. Indeed, our patient had 
hypertension, and the magnetic reso- 
nance imaging revealed a ventrolater- 
ally located lesion in the midbrain 
tegmentum, accounting for the iso- 
lated inferior oblique muscle paresis. 

Figure 2 summarizes the clinical 
findings of our case and the cases 
described below. Fascicular damage in 
each of the first cases of Nadeau and 
Trobe’ and Shuaib and Murphy: 
(Ashfaq Shuaib, MD, oral communica- 
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tion, October 14, 1988, regarding the 
cases) resulted in ipsilateral paresis of 
the inferior oblique, superior rectus, 
medial rectus, and levator palpebrae 
muscles, with sparing of the pupil and 
the inferior rectus muscle. The medial 
rectus paresis in the case reported by 
Nadeau and Trobe’ was noted in con- 
junction with a gaze paresis that oc- 
curred at the time of the fascicular oc- 
ulomotor nerve paresis. Computed to- 
mographic scans in both cases 
documented greater involvement lat- 
erally than medially in the ventral 
midbrain tegmentum. The greater def- 
icit of supraduction (superior rectus 
and inferior oblique) than of adduction 
(medial rectus) and the CT findings 
suggested a more lateral location of 
the inferior oblique and superior rec- 
tus fascicles than the medial rectus. 
The second case by Nadeau and Trobe’ 
had paresis of all ipsilateral muscles 
innervated by the oculomotor nerve, 
but spared the pupil. Computed tomo- 
graphic scan in this case documented 
further medial involvement in the 
midbrain tegmentum in comparison 
with the above three cases. The second 
case by Shuaib and Murphy? and 
Keane's case" showed complete ipsi- 
lateral oculomotor deficit, including 
pupillary dysfunction. The CT scans in 
the latter two cases documented even 
greater involvement in the medial 
midbrain tegmentum as compared 
with our case, the two cases by Nadeau 
and Trobe,’ and the first case by Shuaib 
and Murphy.‘ Finally, a recent article 
by Shuaib et al^ has documented iso- 
lated pupillary involvement from 
medial infarction in the midbrain 
tegmentum. 

Based on the above cases, and the 
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Fig 2.—Oculomotor fascicular injury as noted in our case, Nadeau 1, Nadeau 2,5 Shuaib 1, Shuaib 
2,° Keane, "° and Shuaib. '5 IR indicates inferior rectus; MR, medial rectus; SR, superior rectus, and 


10, inferior oblique. 


Brain-Stem Infarction—Castro et al 


Cerebral Aqueduct 


Oculomotor 
Nucleus 


Red Nucleus 


Substantia 
Nigra 
Oculomotor 
Fascicles 
Interpeduncular 
Fossa 





Fig 3.— Schematic diagram of the midbrain at the level of the superior colliculus. The oculomotor 
fascicular fiber course is adopted from the histologic section in reference 1 (Figure 35.21). The 
proposed model of the oculomotor fascicular organization in the ventral midbrain tegmentum from 
lateral to medial is as follows: inferior oblique (IO) fascicles; superior rectus (SR) fascicles; medial 
rectus (MR) fascicles; levator palpebrae (lid) fascicles; inferior rectus (IR) fascicles; and most me- 


dially, the pupillary fibers. 


study by Kerr and Hollowell'* docu- 
menting the primarily superomedial 
location of the pupillary fibers at the 
oculomotor nerve exit from the mid- 
brain into the subarachnoid space, the 
organization of the oculomotor fasci- 
clescan be postulated. We propose that 
the oculomotor fascicular arrange- 
ment in the ventral midbrain tegmen- 
tum from lateral to medial is as fol- 
lows: inferior oblique fascicles; supe- 
rior rectus fascicles; medial rectus and 
levator palpebrae (lid) fascicles; infe- 
rior rectus fascicles; and most medial- 
ly, the pupillary fibers (Fig 3). It is dif- 
ficult to distinguish which of the two, 
the levator palpebrae or the medial 
rectus fascicles, is more medial, as 
there are no cases of fascicular medial 
rectus palsy without levator palpebrae 
involvement. Indeed, Wilkins and 
Samhouri"^ have described a patient 
with simultaneous, bilateral levator 
palpebrae and medial recti palsies 
without other oculomotor nerve dys- 
function from lymphomatous infiltra- 
tion of the oculomotor nerves within 
the midbrain and the subarachnoid 
space. This case is in agreement with 
Figs 2 and 3, indicating the close prox- 
imity of the levator palpebrae and me- 
dial rectus fascicles in the ventral 
midbrain tegmentum. 

Presumptive evidence for an inter- 
mediate location of the levator palpe- 
brae fascicles, between the medial rec- 
tus and the inferior rectus fascicles, 
may be obtained from the study of He- 
pler and Cantu." In that study, 95% of 
21 cases of intracranial aneurysms, the 
majority being posterior communicat- 
ing artery aneurysms, had aberrant 
regeneration that involved misdirec- 
tion of the levator palpebrae and infe- 
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rior rectus muscles. Misdirection of 
the levator palpebrae and medial rec- 
tus muscles occurred in 67% of the 
cases. If the levator palpebrae fibers 
were distant from the inferior rectus 
fibers, as would occur if the medial 
rectus fibers were located between the 
levator palpebrae and the inferior rec- 
tus fibers, then one might expect a dis- 
proportionately higher synkinesis of 
the levator palpebrae and medial rec- 
tus than of the levator palpebrae and 
inferior rectus, which was not found. 
However, an intermediate location of 
the levator palpebrae fascicles, be- 
tween the medial rectus and the infe- 
rior rectus fascicles, would result in 
the relatively high and almost sym- 
metrical distribution of oculomotor 
synkinesis as noted in the study. 

The data above provide information 
on the possible transverse organiza- 
tion of the fascicular fibers in the ven- 
tral midbrain tegmentum, but do not 
detail the sagittal organization. The 
oculomotor nuclear complex in the 
dorsal midbrain is approximately 10 
mm in length from the rostral to cau- 
dal extent. The fascicular fibers from 
theoculomotor nuclear complex course 
ventrally and spread laterally. From 
its most rostral end to the middle third 
of the oculomotor nuclear complex are 
the Edinger-Westphal nuclei for pu- 
pillary control and the inferior rectus 
subnuclei." The close proximity of 
these subnuclei could account for the 
continued close proximity of the fa- 
scicular fibers in the medial midbrain 
tegmentum as proposed above. The in- 
ferior oblique subnuclei that are most 
lateral in the middle third of the ocu- 
lomotor nuclear complex appear to re- 
tain this lateral position for the fa- 


scicular fibers. The superior rectus 
subnuclei, which are medially located 
in the oculomotor nuclear complex, in- 
nervate contralateral superior rectus 
muscles. As such, it is possible that the 
contralaterally coursing superior rec- 
tus fascicular fibers would travel lat- 
erally in the midbrain tegmentum, in 
close proximity to the inferior oblique 
fibers. The medial rectus subnuclei lo- 
cated primarily in the ventral oculo- 
motor nuclear complex and levator 
palpebrae fibers arising from the sin- 
gle caudal central nucleus transmit 
fascicular fibers in an intermediate lo- 
cation between the laterally located 
inferior oblique and superior rectus 
fascicles, and the medially located in- 
ferior rectus fascicles and pupillary fi- 
bers. 

Further support of this proposed 
model of the oculomotor fascicular or- 
ganization in the ventral midbrain 
tegmentum awaits future clinico- 
pathologic data. 
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MIDAS REX" Institute 
HANDS-ON WORKSHOPS* 


LOS ANGELES/ANAHEIM 
625 West Katella, Unit 22, Orange, California 
“Modern Dissection Techniques of Bone, Blometals, Bloceramics, and Bloplastics” 
WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700)—dissection skills for bonework of the head and spine, including attention to 
bioplastics and biometals as oP soc 










OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power 
instrumentation; and participation in problem solving, care and proper maintenance of power equipment. 


Neuro 700 —MARCH 19-20-21 * APRIL 2-3-4 * JUNE 18-19-20 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fellow/Resident $585.00 (with letter from 
Department Head); All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Los Anges Symposium." Mail to: Midas Rex Institute, 2929 Race 
Street, Fort Worth, TX 76111. Phone: 800-433-7639 or 817-831-2604. * 


*Enrollment is limited. Please call to reserve space before sending 
check or arranging travel Ning All enrollments are made through the 
Midas Rex office in Fort Worth. 
























Join the more than 8,000 enrollees who have completed 
Midas Rex Hands-On Workshops. 


Photo: 986 The Walt Disney Company 


May 31-June 1-2, 1990 


(Immediately preceding the Canadian 
Orthopaedic Association meeting 
June 3-7 in Vancouver.) 


Vancouver 


British Columbia, Canada 
MIDAS REX™ Institute presents 
“Modern Dissection Techniques of Bone, Biometals, Bloceramics, and Bioplastics” 
SYMPOSIA/HANDS-ON WORKSHOPS 
for ORTHOPAEDIC SURGEONS (Ortho 700) 


for NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, 
and OTOLARYNGOLOGICAL SURGEONS (Neuro 700) 


Course Directors: Susan Mitchell, Ed.D.; Jim Stretch, Ph.D. 


SYMPOSIUM FORMAT 


: The MIDAS REX Hands-On Workshops will ; Vancouver Trade & Convention 


COURSE LOCATION: 
Centre, 999 Canada Place, Vancouver, BC V6C 3C1, Can- 















WORKSHOPS: 
be held each day from 7:30 a.m. to 1:30 p.m. The workshop 
will emphasize a series of structured exercises utilizing ap- 
po animal bones, skeletal bones, bioplastics, and 
iometals. 
issection in small bones, large bones, spines, 


joint replacement, revision surgery, methylmethacrylate, 
olyethylene, and biometals, including broken stem extrac- 
ion. 


issection skills for bonework of the cranium 
and spine, including attention to bioplastics and biometals 
applicable to neurosurgery. 


CREDIT: C.M.E. Credit Available 


ada. Phone: 604-641-1987. 


ACCOMMODATIONS; Pan Pacific Hotel Vancouver, 300- 
999 Canada Place, Vancouver, BC V6C 3B5, Canada 
Phone: 800-663-1515 or 604-662-8111. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fellow/ 
Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) 
$250.00. Make check to "Vancouver Symposium." Mail to: 
Midas Rex Institute, 2029 Race Street, Fort Worth, TX 
76111. Phone: 800-433-7639 or 817-831-2604. Enrollment 
is limited. Please callto reserve space before sending check 
or arranging travel plans. 


Joín the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 
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Now you can 
a 


implement 


evened 


management plan 


for 


More Than 

a Prescription 

As you know, it takes 
more than a prescription 
to manage Parkinson’s 
disease. An individualized 
lifestyle modification program — 
encompassing diet, exercise and 
day-to-day coping strategies — is often bene- 
ficial to the patient. 


A Total Treatment Strategy 

That’s why Sandoz is bringing you PATH™. A 
comprehensive new program that expands ther- 
apy beyond drug treatment, PATH is the route 
to better management of Parkinson’s disease. 


Developed in conjunction with national 
Parkinson’s disease associations and Parkinson’s 
disease specialists, PATH involves patient, family, 
pharmacist and physician in a total treatment 
strategy. 


The PATH Program puts you and your patients 
in touch with the latest information on symptom 
control and living with symptoms. It serves as a 
useful adjunct to your clinical management and 
provides a dependable additional source of 
information for your patients and their families. 


,Home/ Office Video Program 
^PATH begins with a videotape that describes 
the program and reviews current approaches to 


living with Parkinson's symptoms. It can be made 


available to your patients for home or office use. 


Regular Direct-to-Patient Mailings 

Patients receive regular PATH mailings contain- 

ing practical tips on day-to-day living with 

Parkinson's symptoms. Topics include: 

B Coming to terms with Parkinson's disease 

B How to reduce stress and associated 
symptoms 

W How to deal with social issues raised by 
chronic disease 

E How to achieve good nutritional status 

B Improving symptoms through exercise 


every 
Sadkinscilà 
patient 


Cliniscan" 


The Cliniscan" Program 
is a unique personal- 
ized assessment pro- 

gram, available to 

qualified patients. 
Cliniscan" provides your 
patients with specific recom- 
mendations for making helpful changes in their 
lifestyles. It also helps you monitor patient 
progress and provides you with the latest infor- 
mation on the treatment of Parkinson's disease. 


Quarterly questionnaires detailing the impact of 
Parkinson's symptoms on daily activities are 
completed by patients and their families. Their 
responses generate specific non-pharmacologic 
recommendations based on input from a board 
of Parkinson's disease specialists. These are for- 
warded first to you and then to your patients. 


Enroll Your Patients Today! 

For further information, including patient enroll- 
ment forms, just fill in this coupon and return it 
to: PATH, P.O. Box 220, Hawthorne, NJ 07507. 


Or call toll free 1-800-874-PATH. 


= 





Because it takes more than a prescription 
to manage Parkinson’s disease 
Please provide PATH patient enrollment forms 
and information to: 


(please print) 


State Zip 


A Complimentary Service of 
A ANDOZPHARMACEUTICALS 
NJ07936 (201) 503-7500 
© 1989 Sandoz Vii FORERO Corporation 
INST-489-1 4/89 
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Abacus Consulting 

Abbott Laboratories 

American Academy of Neurophysiology 

American Medical Electroencephalographic 
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Reading 
worth 
writing 
for. 





If you're looking for some good 
reading, you've just found it. The 
free Consumer Information 
Catalog. 


The Catalog lists about 200 federal 
publications, many of them free. 
They can help you eat right, 
manage your money, stay 
healthy, plan your child's 
education, learn about federal 
benefits and more. 


So sharpen your pencil. Write for 
the free Consumer Information 
Catalog. And get reading worth 
writing for. 


ww Consumer Information Center 
© Department RW 
Pueblo, Colorado 81009 


A public service of this publication and 
the Consumer Information Center of the U.S. General Services Administration. 


Traverse Giby 272929 1990 


Symposia/Hands-On Workshops Cosponsored by 


m ForNeurosurgeons, Plastic, ENT, Craniofacial Henry Ford Neurological Institute 
and Maxillofacial Surgeons (Neuro 700) 


m For Operating Room Personnel (ORP 700) Department of Neurological Surgery 


“Modern Dissection Techniques of Henry Ford Hospital Division 
Bone, Biometals, Bioceramics and Bioplastics" and MIDAS REX" Institute 


COURSE DIRECTORS: M. Dujovny, M.D.; Susan Mitchell, Ed.D.; Lee Sobania, Ph.D. 


* SYMPOSIUM FORMAT: Workshops: 7:30 a.m. to Grand Traverse Resort Village 
1:30 p.m. each day, with emphasis on hands-on 6300 U.S. 31 North 
exercises utilizing appropriate animal bones, P 
skeletal bones, bioplastics, and biometals for Grand ME MS MI 49610 
dissection in the cranium and spine. OR personnel 800-678- 
will participate in the same activities. 616-938-2100 


* ENROLLMENT IS LIMITED. Please call before sending check or making travel plans. All enrollments made 
through the MIDAS REX office in Fort Worth, Texas, U.S.A. 
* ENROLLMENT FEE: (U.S.$): Surgeon $965.00; Fellow/Resident $585.00 (with letter from Department Head); All 
Operating Room Personnel (RN/CST/PA/Other) $250.00. 
Make check to “Traverse City me. 
Mail to: MIDAS REX Institute, 2929 Race Street, Fort Worth, TX 76111, U.S.A. 
Phone: 817-831-2604. FAX: 817- 834-4835. 
*An Orthopaedic Tympostam will be conducted simultaneously in a separate room. 
ospitality and some lectures will be combined. 
Join the more than 7,800 enrollees who have completed MIDAS R EX Hands-On Workshops 


S EA T TL E an additional location for MIDAS REX™ Institute 
a HANDS-ON WORKSHOPS* 
547 Industry Drive, Tukwila, WA 


"Modern Dissection Techniques of Bone, Biometals, Bloceramics, and Bioplastics” 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series 
pe he La exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, 
and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700)—dissection skills for bonework of the head and spine, including attention to 
bioplastics and biometals as applicable. 

OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power instru- 
mentation; and participation in problem solving, care and proper maintenance 
of power equipment. 


Neuro 700 —MARCH 26-27-28 * APRIL 18-19-20 - MAY 14-15-16 * JUNE 25-26-27 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fellow/Resident $585.00 (with letter from poseen Head); All 
Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Seattle Symposium." Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 

*Enrollment is limited. Please call to reserve space before sending check or arranging travel plans. All 
ments are made through the Midas Rex office in Fort Worth. 


Join the more than 8,000 enrollees who have 


f: ENS completed Midas Rex 
Pme MUT " Hands-On Workshops. 





MIDAS REX" Institute 
2929 Race Street « Fort Worth, Texas 76111 
800-433-7639 © 817-831-2604 
MARCH - JUNE 1990 


CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts in boneworking through lec- 
tures, conferences, and clinical procedures on video. 


OR personnel will participate in the same activities. 


. Surgeons will participate in hands-on workshops with advanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 
when OR personnel have completed the course, they will have im- 

proved competence in OR support. 


. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 
their bonework per se in the time delineated:t 


CRANIUM: Osteoplastic raise B min. * Posterior craniec- 
tomy, 45-60 sec. * Osteoplastie posterior tomy, 1-2 min. * Free tem- 
poral flap, 1 min. * Burr.hole, sec. ©) Hemicraniotomy, 2 min. * 
Bilateral frontal flap, 34 Sie * Two\osteoplastic subdural buttons, 2 

min. * Work about A e ion anchors * Cranioplasty. 


: Frontal ¢ Maxillectomy * 
nfra orbit e Mandibular resec- 

r ete * Facial fractures * 
Suture holes. 


CRANIOFACIAL, ag 
Zygomectomy * Orbital * 
tion e Mandibular osteotomy x 


n zinlhi ne acoustic neuroma, 


cervical fusion with 
erolateral fusions * 


root problems 


BIOPLAST st 
Polyethyle 


Sabrade in siti; Qus: in situ, transect in situ, shape. 


BIOMETALS!: (Superalloys, Titanium alloys, Stainless steels) Transect 
and shape in OR, 1-6 min.; in situ, 1-6 min. 


t Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial, Max- 
illofacial and ENT problems will be explored according to the individual 

. wishes of the surgeons. 


CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
at 1:00 p.m., allowing for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fellow/Resident $585.00 (with 
letter from Department Head); All Operating Room dior 
(RN/CST/PA/Other) $250. 


"MODERN DISSECTION TECHNIQUES 
OF BONE, BIOMETALS, BIOCERAMICS, 


AND BIOPLASTICS" 

(NEURO 700) 
SYMPOSIA/HANDS-ON WORKSHOPS 
For Neurosurgeons, Plastic, Craniofacial, 
Maxillofacial, and Otolaryngological Surgeons 
EXTENSION SITES 


PHOENIX, AZ, MARCH 5-6-7. Cosponsored by 
Barrow Neurological Institute/St. Joseph's Hospital 


and Medical Center. (Immediately preceding the 


Barrow Neurological Institute meeting.) 


PARK CITY, UT, MARCH 14-15-16. Cospon- 
sored by The Department of Neurosurgery Univer- 
sity of Cincinnati Medical Center, Mayfield 
Neurological Institute, The Christ and Good 

Samaritan Hospitals. 


CLEARWATER BEACH, FL, APRIL 8-9-10. 


NASHVILLE, TN, APRIL 26-27-28. (Immedi- 
ately preceding the American Association of 
Neurological Surgeons Meeting.) 


VIENNA, AUSTRIA, MAY 18-19-20 and MAY 
26-27-28. Cosponsored by the University of Vienna 
Department of Neurosurgery. 


VANCOUVER, BRITISH COLUMBIA, CAN, 
MAY 31-June 1-2. 


CINCINNATI, OH, JUNE 20-21-22. Cospon- 
sored by The Department of Neurosurgery Univer- 
sity of Cincinnati Medical Center, Mayfield 
Neurological Institute, The Christ and Good 

Samaritan Hospitals. 


PERMANENT SITES 


Hands-on workshops are held weekly in the permanent 
facility locations listed below. For schedules of these 
courses see permanent facility announcements. else- 
where in this journal, or you may telephone to request a 
complete calendar of hands-on workshops. 


DALLAS/FORT WORTH, Home Office, 2929 
Race Street, Fort Worth, TX 

NEW YORK CITY, 115 East 61st Street, Lower 
Level. 

THE PALM BEACHES, 529 25th Street, West 


Palm Beach, FL 
CHICAGO, 728 West Algonquin Road, 
Arlington Heights, IL 
LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, CA 
SEATTLE, 547 Industry Drive, Tukwila, WA 
Enrollment is limited. Please call to reserve space 
before sending check or arranging travel plans. All 


enrollments are made through the home office in 
Fort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 
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ORIGINAL CONTRIBUTIONS 


Heritability of Cognitive Performance in Aging Twins: The National Heart, Lung, and 
Blood Institute Twin Study G. E. Swan, D. Carmelli, T. Reed, G. A. Harshfield, 
R. R. Fabsitz, P. J. Eslinger 


The Natural History of Dementia in Down's Syndrome H. M. Evenhuis 
Myotonia Fluctuans K. Ricker, F. Lehmann-Horn, R. T. Moxley IIl 


Centronuclear Myopathy and Type-1 Hypotrophy Without Central Nuclei: Distinct 
Nosologic Entities? W. D. Lo, R. J, Barohn, R. J. Bobulski, J. Kean, J. R. Mendell 


Comparison of the Neuroprotective Effects of the N-Methyl-p-Aspartate Antagonist 
MK-801 and the Opiate-Receptor Antagonist Nalmefene in Experimental Spinal Cord 
Ischemia c S. W. Yum, A. I. Faden 


Depression, Anxiety, and Temporal Lobe Epilepsy: Laterality of Focus and Symptoms 
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Transderm Scop* 


Scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Scóp is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. The disc 
should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scóp provides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or in a 
controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scóp provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scóp should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
Transderm Scóp should not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
possibility and cautioned against engaging in activities that 
require mental alertness, such as driving a motor vehicle or 
operating dangerous machinery. 
Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine. 


PRECAUTIONS 

General 

Scopolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 
Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Scóp should be used with special caution in the 
elderly or in individuals with impaired metabolic, liver, or kidney 
functions, because of the increased likelihood of CNS effects. 
Information for Patients 
Since scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
should be strongly advised to wash their hands thoroughly with 
soap and water immediately after handling the disc. 

Patients should be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
ence symptoms of acute narrow-angle glaucoma (pain in and 
reddening of the eyes accompanied by dilated pupils). 

Patients should be warned against driving a motor vehicle or 
operating dangerous machinery. A patient brochure is available. 
Drug Interactions 
Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g., belladonna alkaloids, antihistamines (including 
meclizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scóp should be used during 
pregnancy only if the anticipated benefit justifies the potential 
risk to the fetus. 

Nursing Mothers 

Itis not known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in human milk, caution 
should be exercised when Transderm Scóp is administered to 
anursing woman. 

Pediatric Use 

Children are particularly susceptible to the side effects of 
belladonna alkaloids. Transderm Scóp should not be used in 
children because it is not known whether this system will 
release an amount of scopolamine that could produce serious 
adverse effects in children. 


ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scóp is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Scóp: 
disorientation; memory disturbances; dizziness; restlessness; 
hallucinations; confusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 
eyes. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scóp system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
Scóp disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scóp disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C). 


CAUTION 
Federal law prohibits dispensing without prescription. 


Dist. by: 

CIBA Consumer Pharmaceuticals 
Div. of CIBA-GEIGY Corp. 
Summit, NJ 07901 


C88-5 (Rev. 2/88) 
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References: 

1. Dahl E: Clin Pharmacol Ther 1984;36:116-120. A study 
of mild motion sickness in a laboratory setting in which 
Transderm Scóp* demonstrated a significantly greater 
reduction in the incidence of nausea and vomiting than 25 
mg meclizine (P = 0.01) and placebo (P = 0.003). 

2. Price N et al: Clin Ther 1979;2:258-262. Studies at sea 
that demonstrated a 75% mean reduction in the incidence 
of nausea and vomiting associated with motion sickness 
with Transderm Scóp, compared to 50% with Dramamine* 
(P>0.05). 
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Instructions for Authors 


Send manuscripts by first-class mail to the Chief Editor, Robert 
J. Joynt, MD, PhD, University of Rochester School of Medicine and 
Dentistry, 601 Elmwood Ave, Rochester, NY 14642. Manuscripts 
are received with the understanding that they are not under 
simultaneous consideration by another publication. Accepted 
manuscripts become the permanent property of the ARCHIVES and 
may not be published elsewhere without permission from the 
publisher (AMA). 

In addition, in view of The Copyright Revision Act of 1976, effective 
Jan 1, 1978, transmittal letters to the editor should contain the following 
language: “In consideration of the American Medical Association's tak- 
ing action in reviewing and editing my submission, the author(s) under- 
signed hereby transfers, assigns, or otherwise conveys all copyright own- 
ership to the AMA in the event that such work is published by the AMA." 
We regret that transmittal letters not containing the foregoing language 
signed by all authors of the submission will necessitate delay in review of 
the manuscript. 

Author Responsibility.—A1l accepted manuscripts are subject to 
copy editing. The author will receive an edited typescript rather 
than galley proofs for approval. The author is responsible for all 
Statements in his work, including changes made by the copy 
editor. 

Designate one author as correspondent and provide his address 
and telephone number. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to which 
requests for reprints should be sent. 

Manuscript Preparation.—Submit three high-quality copies of 
the entire manuscript. The copies will not be returned. The 
authors should keep the original manuscript for submission if 
accepted. The original manuscript (including references, legends, 
and tables) must be typed double-spaced on 21.6 X 27.9-cm 
8% X 11-in), heavy-duty white bond paper. Ample margins of at 
least 2.5 cm (1 in) should be provided. If a word processor is used, do 
not justify right-hand margins. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not be used 
in the text, tables, or illustrations. 

Titles.— Titles should be short, specific, and clear. They should 
not exceed 42 characters per line, including punctuation and 
spaces, and be limited to two lines, if possible. The title page 
should include the full names and academic affiliations of all 
authors, the address to which requests for reprints should be sent, 
and, if the manuscript was presented at a meeting, the name of the 
organization, place, and date on which it was read. 

Style of Writing.—The style of writing should conform to ac- 
ceptable English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 

Informed Consent.— Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the effect that informed consent was obtained after the nature 
of the procedure(s) had been fully explained. 

Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclusions. The abstract replaces the summary. 

References.— List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references. References to journal articles 
should include (1) author(s) (list all authors and/or editors up to 
six; if more than six, list the first three and "et al"), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) vol- 
ume number, and (6) inclusive page numbers, in that order. Refer- 
ences to books should include (1) author(s) (list all authors and/or 
editors up to six; if more than six, list the first three and "et al"), 
(2) chapter title (if any), (3) editor (if any), (4) title of book, (5) city 
of publication, (6) publisher, and (7) year. Volume and edition 
numbers, specific pages, and name of translator should be included 
when appropriate. The author is responsible for the accuracy and com- 
pleteness of the references and for their correct text citation. 

SI Units.—Use Systéme International (SI) measurements 
throughout the manuscript. (See June 1986 issue of the 
ARCHIVES.) 
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Illustrations.— The illustrations originally submitted will not be 
returned. High-quality copies may be used. Original illustrations 
should be kept by the author for submission if the manuscript is 
accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating "top" should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification and stain should 
be provided when pertinent. Illustrations should preferably be in 
a proportion of 12.7 X 7.3 cem (5 X in). 

An experienced medical illustrator should be employed whenev- 
er possible for the preparation of all artwork. Template lettering 
or preset type is preferred to hand-lettered labels. If halftone 
artwork with labels is submitted, affix type and leaders to a clear 
acetate overlay registered to the base drawing. Labels and leaders 
should be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES’ 
contribution, the author's share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (35 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 

Legends.— Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 

Photographic Consents.—A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 

Acknowledgments.— Illustrations from other publications must 
be acknowledged. Include the following when applicable: 
author(s), title of article, title of journal or book, volume number, 
page(s) month, and year. The publisher's permission to reprint 
should be submitted to the ARCHIVES after the manuscript has 
been formally accepted. 

Statistical Review.—Manuscripts containing statistical evalua- 
tions should include the name and affiliation of the statistical 
reviewer. 

Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-em (8% X 11-in) 
paper. Do not use larger size paper. If a table must be continued, 
use a second sheet and repeat all heads and stubs. Each table must 
have a title. 

Financial Disclosure.—In the cover letter, list all affiliations with, 
or financial involvement in, organizations or entities with a 
direct financial interest in the subject matter or material of the 
research discussed in the manuscript (eg, employment consultan- 
cies, stock ownership) All such information will be held in 
confidence during the review process. Should the manuscript be 
accepted, the Chief Editor will discuss with the author the extent 
of disclosures appropriate for publication. 

AMA Manual of Style.—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $24.95. A ship- 
ping charge is added on all orders not prepaid. If additional order- 
ing information is needed, or to order by telephone, call 1-800-638- 
0672. 

Proprietary Statement.—If the article discusses in any way a 
device, equipment, instrument, or drug, the author(s) must state 
in a footnote whether they do or do not have any commercial or 
proprietary interest in the product. Likewise, they must reveal 
whether they have any financial interest as a consultant, review- 
er, or evaluator. In addition, authors must disclose any financial 
interest owned by a spouse, minor child, blood-relative living in 
the same household, or known to be held by the author’s employer 
or partner. 
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625 West Katella, Unit 22, Orange, California 





MIDAS REX™ Institute 
HANDS-ON WORKSHOPS* 





“Modern Dissection Techniques of Bone, Blometals, Bloceramics, and Bloplastics” 
WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 


exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700)—dissection skills for bonework of the head and spine, including attention to 


bloplastics and biometals as applicable. 


OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power 
instrumentation; and participation in problem solving, care and proper maintenance of power equipment. 





ENROLLMENT: Fee (US$): Surgeon $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 






Make check to: "Los Angeles Symposium." Mail to: 


Midas Rex Institute, 2929 Race Street, Fort Worth, TX 76111. 


Phone: 800-433-7639 or 817-831-2604. 





*Enrollment is limited. Please call to reserve space 
before sending check or arranging travel plans. All 
enrollments are made through the Midas Rex office in 
Fort Worth. 


Join the more than 8,000 enrollees who have completed 
Midas Rex Hands-On Workshops. 


HILTON HEAD ISLAND 


*Modern Dissection Techniques of Bone, 
Biometals, Bioceramics, and Bioplastics” 
SYMPOSIA/HANDS-ON WORKSHOPS ` 


for NEUROSURGEONS, PLASTIC, CRANIOFACIAL, 
MAXILLOFACIAL, and OTOLARYNGOLOGICAL 


Neuro 700 — APRIL 2-3-4 — JUNE 18-19-20 — JULY 5-6-7 * 16-17-18 












































= 1986 The Walt Disney Company 


July 23-24-25, 1990 





SURGEONS (Neuro 700) 


for OR PERSONNEL (ORP 700) 
presented by 
MIDAS REX™ Institute 


Course Directors: 
Edward F. Downing, M.D.; John M. Tew, Jr., M.D. 
Susan Mitchell, Ed.D.; Tom Mickel, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: The MIDAS REX Hands-On Workshops will 
be held each day from 7:30 a.m. to 1:30 p.m. The workshop 
will emphasize a series of structured exercises utilizing appro- 
riate animal bones, skeletal bones, bioplastics, and 
lometals. 
Neuro 700—dissection skills for bonework of the cranium and 
spine, including attention to bloplastics and biometals appli- 
cable to neurosurgery. 
ORP 700—dissection skills to become familiar with the appli- 
cations of power instrumentation; discussion of and participa- 
tion in problem solving, care, and proper maintenance of 
power equipment. 


COURSE LOCATION and ACCOMMODATIONS: Palmetto 
Dunes Resort, Hilton Head Island, SC 29938. Phone 800- 
845-6130 or 803-785-1161. 


Institute, 2929 Race Street, Fort Worth, TX 76111. Phone: 
800-433-7639 or 817-831-2604. 


*Enrollment is limited. Please call to reserve space before 
sending check or arranging travel plans. All enrollments are 
made through the Midas Rex office in Fort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 
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CIBA—GEIGY 


Prevent substitution 
when you 

prescribe Tegretol 

Sign each prescription on the line 
that prevents substitution, or 

add the phrase required in your 
state to prevent substitution: 


Dispense As Written 

No Substitution 

Do Not Substitute 

Brand Necessary 

No Drug Product Selection 
May Not Substitute 
Medically Necessary 
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For your Medicaid patients... 
To prevent substitution of 

TEGRETOL for your Medicaid 
patients, be sure to add the 

phrase “Brand Medically 

Necessary" on each prescription. 
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... because there's no 


substitute for experience. 


Tegretol® 


carbamazepine USP 


Chewable Tablets of 100 mg— red-speckled, pink Tablets of 200 mg— pink 






WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION. HOWEVER 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER. THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND 
APLASTIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 
OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO 
SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS, COM- 
PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A 
BASELINE IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR 
DECREASED WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD 
BE MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 











Before prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential 
DESCRIPTION 
Tegretol. carbamazepine USP is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral admin- 
istration. Its chemical name is 5H-dibenz[b.fJazepine-5-carboxamide. and its structural 
formula is 


N 
I 
CONH: 


Carbamazepine USP is a white to off-white powder. practically insoluble in water and 
soluble in alcohol and in acetone Its molecular weight is 236 27 
Inactive Ingredients. Colloidal silicon dioxide. FD&C Red No. 3 (chewable tablets only), 
FD&C Red No 40 (200-mg tablets only), flavoring (chewable tablets only), gelatin. glycer- 
in, magnesium stearate. sodium starch glycolate (chewable tablets only), starch, stearic 
acid, and sucrose (chewable tablets only). 

CLINICAL PHARMACOLOGY 
In controlled clinical trials. Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mai seizures, as well as trigeminal neuraigia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaplic responses and 
blocking the posttetanic potentiation Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats It depresses thalamic potential and 
bulbar and polysynaptic reflexes. including the linguomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than a 
Solution, thus avoiding undesirably high peak concentrations. Tegretol in blood iS 76% 
bound to plasma proteins Plasma levels of Tegreto! are variable and may range from 
05-25 ug/ml, with no apparent relationship to the daily intake of the drug. Usual adult 
therapeutic levels are between 4 and 12 ug/ml. Following oral administration, serum 
levels peak at 4 to 5 hours, The CSF/serum ratio is ( 22. similar to the 22% unbound 
Tegretol in serum. Because Tegretol may induce its own metabolism, the half-life is also 
variable. Initial half-life values range from 25-65 hours. with 12-17 hours on repeated 
doses Tegretol is metabolized in the liver. After oral administration of '4 C-carbamaze- 
pine, 72% of the administered radioactivity was found in the urine and 28% in the feces 
This urinary radioactivity was composed largely of hydroxylated and conjugated metabo- 
lites, with only 3% of unchanged Tegretol. Transplacental passage of Tegretol is rapid (30 
to 60 minutes), and the drug is accumulated in fetal tissues. with higher levels found in 
liver and kidney than in brain and lungs 
INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated tor use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived from active drug-controlled studies 
that enrolled patients with the following seizure types. 

1. Partial seizures with complex symptomatology (psychomotor. temporal lobe). Patients 
with these seizures appear to show greater improvement than those with other types 

2. Generalized tonic-clonic seizures (grand mal) 

3 Mixed seizure patterns which include the above. or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS. General). 

Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true tngeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not a simple analgesic and should not be used for the relief of trivial aches or 
pains 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to the drug. or known sensitivity to any of the tncyclic compounds. such 
as amitriptyline, desipramine, imipramine. protriptyline. nortriptyline. etc. Likewise, on 
theoretical grounds its use with monoamine oxidase inhibitors 1s not recommended 
Before administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days, or longer if the clinical situation permits 
WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
risk 

Severe dermatologic reactions including toxic epiderma! necrolysis (Lyell's syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretol These reactions have 
been extremely rare However. a few fatalities have been reported 

Tegretol has shown mild anticholinergic activity: therefore, patients with increased 
intraocular pressure should be closely observed during therapy. 

Because of the relationship of the drug to other tricyclic compounds. the possibility of 
activation of a latent psychosis and, in elderly patients, of contusion or agitation should be 
borne in mind 
PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination should be 
made 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE). 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
à history of cardiac, hepatic or renal damage. adverse hematologic reaction to other 
drugs. or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem, such as fever, sore throat. ulcers in the 
mouth, easy bruising. petechial or purpuric hemorrhage, and should be advised to report 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts, including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline I1 a patient in the course ot 
treatment exhibits low or decreased white blood cell or platelet counts, the patient should 
be monitored closely Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver function, particularly in patients with a history 
of liver disease, must be pertormed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and tonome- 
try, are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dystunction 


Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 
and safety of anticonvulsants. This monitoring may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance. In addition 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use. either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital, phenytoin 
or primidone. or a combination of two. produces a marked lowering of serum levels 
of Tegretol 

The half-lives of phenytoin. warfarin doxycycline. and theophylline were significantly 
shortened when administered concurrently with Tegretol Haloperidol serum levels may be 
reduced when the drug is administered with Tegretol The doses of these drugs may 
therefore have to be increased when Tegretol is added to the therapeutic regimen 

Concomitant administration of Tegretol with erythromycin. cimetidine. propoxyphene 
isoniazid or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases Also. concomitant administration of 
carbamazepine and lithium may increase the risk of neurotoxic side effects. 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine. when 
administered to Sprague-Dawley rats for two years in the diet at doses of 25, 75, and 250 
mg/kg/day. resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must. therefore. be considered to be carcinogenic n Sprague-Dawley 
rats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results The significance of these findings relative to the use of carbamazepine in 
humans is, at present. unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg. In rat teratology studies. 2 of 135 offspring showed kinkec ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate 1, talipes. 1 
anophthalmos. 2). In reproduction studies in rats. nursing offspring demonstrated a lack 
‘of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Tegretol should 
be used during pregnancy only if the potential benefit justities the potential nsk to the 
fetus 

Retrospective case reviews suggest that. compared with monotherapy. there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Therefore. monotherapy is recommended tor pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life In 
individual cases where the severity and trequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient. discontinuation of the 
drug may be considered prior to and during pregnancy, although it cannot be said with any 


Only TEGRETOL 
brand of carbamazepine. 
provides the prescribing 


lexibility of a 100-mg scored 
chewable tablet, as well as 
a 200-mg scored tablet 





Confidence that even minor seizures do not pose some hazard to the developing embryo or 
letus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation. concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants trom carbamaz- 
epine. a decision should be made whether to discontinue nursing or to Ciscontinue the 
drug. taking into account the importance of the drug to the mother 
Pediatric Use: Safety and effectiveness in children below the age of 6 years have not been 
established 
ADVERSE REACTIONS 
It adverse reactions are of such severity that the drug must be discontinued. the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING). the skin and the cardiovascular system 

The most frequently observed adverse reactions. particularly during the initial phases of 
therapy, are dizziness. drowsiness unsteadiness. nausea, and vomiting To minimize the 
possibility of such reactions. therapy should be initiated at the low dosage recommended 

The following additional adverse reactions nave been reported 
Hemopoietic System Aplastic anemia. agranulocytosis. pancytopenia. Done marrow 
depression, thrombocytopenia. leukopenia, leukocytosis. eosinophilia 
Skin’ Pruntic and erythematous rashes. urticaria, toxic epidermal necrolysis (Lyell's 
syndrome) (see WARNINGS). Stevens-Johnson syndrome (see WARNINGS |. photosensi- 
lvity reactions. alterations in skin pigmentation. exfoliative dermatitis, erythema multi- 
forme and nodosum. purpura. aggravation of disseminated lupus erythematosus 
alopecia. and diaphoresis In certain cases, discontinuation of therapy may be necessary 
Cardiovascular System: Congestive heart failure. edema. aggravation of hypertension 
hypotension, syncope and collapse. aggravation of coronary artery disease arrhythmias 
and AV block, primary thrombophlebitis. recurrence of thrombophlebitis. and adenopathy 
or lymphadenopathy. 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tricyclic compounds 
Liver. Abnormalities in liver function tests cholestatic and hepatocelluiar jaundice 
hepatitis 
Respiratory System: Pulmonary hypersensitivity characterized by fever dyspnea, pneu- 
monitis or pneumonia 
Genitourinary System Urinary frequency. acute urinary retention. oliguna with elevated 
blood pressure, azotemia. renal failure. and impotence. Albuminuna. glycosuna. elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegretol orally trom 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day. Additionally, rats receiving Tegretol in the diet for two years 
at dosage levels of 25, 75, and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis. In dogs. it produced a brownish discoloration. presum- 
ably a metabolite. in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown 
Nervous System: Dizziness, drowsiness. disturbances of coordination, confusion, head- 
ache, fatigue. blurred vision, visual hallucinations. transient diplopia, oculomotor distur- 
Dances, nystagmus, speech disturbances. abnormal involuntary movements. peripheral 
neuritis and paresthesias, depression with agitation. talkativeness, tinnitus, and hyper- 
acusis 

There have been reports of associated paralysis and other symptoms o! cerebral arterial 
insufficiency. but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausea, vomiting. gastric distress and abdominal pain. diarrhea 
Constipation anorexia. and dryness of the mouth and pharynx. including glossitis 
and stomatitis 
Eyes Scattered. punctate. cortical lens opacities, as well as conjunctivitis have been 
reported Although a direct causal relationship has not been established. many phenothia- 
zines and related drugs have been shown to cause eye changes 
Musculoskeletal System: Aching joints and muscles. and leg cramps 
Metabolism: Fever and chills. Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication, with decreased serum sodium 
(hyponatremia) and confusion, have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests) 
Other: Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports of elevated levels of cholesterol, HDL cholesterol and 
triglycerides in patients taking anticonvulsants 
ORUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol. nor is there evidence of 
psychological or physical dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults >60 g (39-year-old man) Highest known doses 
survived: adults. 30 g (31-year-ole woman). children, 10 g (6-year-old boy). small 
children. 5 g (3-year-old girl) 

Oral LD50 in animals (mg/kg) mice. 1100-3750; rats, 3850-4025: rabbits. 1500-2680 
guinea pigs, 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours. Neuromuscular disturbances are the 
Most prominent. Cardiovascular disorders are generally milder, and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration’ Irregular breathing. respiratory depression 
Cardiovascular System- Tachycardia. hypotension or hypertension. shock. conduction 
disorders 
Nervous System and Muscles. impairment of consciousness ranging in severity to deep 
coma. Convulsions. especially in small children. Motor restlessness. muscular twitching 
tremor. athetoid movements. opisthotonos. ataxia. drowsiness. dizziness. mydnasis. 
nystagmus, adiadochokinesia, ballism. psychomotor disturbances. dysmetria Initial 
hyperreflexia. followed by hyporefiexia 
Gastrointestinal Tract; Nausea, vomiting 
Kidneys and Bladder: Anuria or oliguria. urinary retention 
Laboratory Findings. Isolated instances of overdosage have included leukocytosis, re- 
duced leukocyte count, glycosuria and acetonuria EEG may show dysrhythmias 
Combined Poisoning. When alcohol. tricyclic antidepressants. barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt elimination 
of the drug, which may be achieved by inducing vomiting, irrigating the stomach. and by 
taking appropriate steps to diminish absorption. If these measures cannot be implemented 
without risk on the spot. the patient should be transferred at once to a hospital, while 
ensuring that vital functions are safeguarded There is no specific antidote 
Elimination of the Drug. Induction ot vomiting 

Gastric lavage. Even when more than 4 hours have elapsed following ingestion of the 
drug, the stomach should be repeatedly irrigated. especially if the patient has also 
consumed alcohol 
Measures to Reduce Absorption. Activated charcoal. laxatives 
Measures to Accelerate Elimination Forced diuresis 

Dialysis is indicated only in severe poisoning associated with renal failure Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression Keep the airways free. resort. if necessary. to endotracheal 
intubation. artificial respiration. and administration of oxygen 
Hypotension. Shock Keep the patient's legs raised and administer a plasma expander It 
blood pressure fails to rise despite measures taken to increase plasma volume, use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
Warning. Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension, and coma However barbiturates should not be used if drugs that 
inhibit Monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one week) 
Surveillance: Respiration. cardiac function (ECG monitoring), blood pressure. body tem- 
perature. pupillary reflexes, and kidney and bladder function should be monitored tor 
several days 
Treatment of Blood Count Abnormalities | evidence of significant bone marrow depres- 
Sion develops. the following recommendations are suggested: (1) stop the drug. (2) per- 
form daily CBC, platelet and reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery. 

Special periodic studies might be helpful as follows: (1) white cell and platelet anti- 
bodies. (2) 59Fe—ferrokinetic studies. (3) peripheral blood cell typing. (4) cytogenetic 
Studies on marrow and peripheral blood. (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for A» and F hemoglobin. and (7) serum 
folic acid and B1» levels 

A tully developed aplastic anemia will require appropriate. intensive monitoring and 
therapy, for which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS Laboratory Tests) Dosage should be adjusted to the needs of the individual 
patient A low initial daily dosage with a gradual increase is advised As soon as adequate 
control is achieved. the dosage may be reduced very gradually to the minimum effective 
level. Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—initial 200 mg bid Increase at weekly 
intervals by adding up to 200 mg per day using a t.i.d. or q.i. d. regimen until the best 
response is obtained Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age. and 1200 mg daily in patients above 15 years of age. Doses up to 1600 mg 
daily have been used in adults in rare instances. Maintenance: Adjust dosage to the 
minimum effective level, usually 800-1200 mg daily 
Children 6-12 years ol age—Initial: 100 mgd ı d Increase at weekly intervals by adding 
100 mg per day usinga t i d orq i.d regimen until the best response is obtained. Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level. usually 400-800 mg daily 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants When 
added to existing anticonvulsant therapy, the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased, except phenytoin, which 
may have to be increased (see PRECAUTIONS. Drug Interactions and Pregnancy Category 
C) 


Trigeminal Neuralgia (see INDICATIONS AND USAGE) 

Initial: 100 mg b i.d. on the first day for a total daily dose of 200 mg. This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom from pain. Do not exceed 1200 mg daily 

Maintenance: Control of pain can be maintained in most patients with 400 mg to 800 mg 
daily However. some patients may be maintained on as little as 200 mg daily. while others 
may require as much as 1200 mg daily At least once every 3 months throughout the 
treatment period. attempts should be made to reduce the dose to the minimum effective. 
level or even to discontinue the drug 

HOW SUPPLIED 

Chewable Tablets 100 mg— round. red-speckled. pink. single-scored (imprinted Tegretol 
on one side and 52 twice on the scored side) 


Bottles ot 100 NOC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NOC 0028-0052-61 


Tablets 200 mg—capsule-shaped, pink. single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 
NDC 0028-0027-01 


Bottles of 100 

Bottles of 1000 NDC 0028-0027-10 
Gy-Pak® —One Unit 

12 botties—100 tablets each 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NOC 0028-0027-61 
Samples. when available, are identified by the word SAMPLE appearing on each tablet 
Protect from moisture 
Dispense in tight container (USP) 
Also available as. Tegretol suspension 100 mg./5 mi, in 450 mi bottles 
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Calendar 


CALENDAR OF MEETINGS 
1990 
March 3 


7 Fourth Annual Magnetic Resonance Imaging Conference, Mariott's Camelback Inn Resort, Scotts- 
dale, Ariz. Contact Kevin King, RT, Education Coordinator, Radiologic Education Center, St 
Joseph's Hospital and Medical Center, 350 W Thomas Rd, Phoenix, AZ 85013; (602) 285-3956. 

5-6 “Epilepsy Advances," Towsley Center, Ann Arbor, Mich. Contact Debbie DeSmyther, Program As- 
sistant, Office of Continuing Medical Education, G- 1100 Towsley Center, Box 0201, University of 
Michigan Medical School, Ann Arbor, MI 48109-0201; (313) 763-1400. 

8-10 Seventeenth Annual Symposium of the Barrow Neurological Institute, "Recent Advances in Neu- 
rology and Neurosurgery," Camelback Inn Resort, Scottsdale, Ariz. Contact Toby Jardine, 

4 Manager, BNI Administration, Barrow Neurological Institute, 350 W Thomas Rd, Phoenix, AZ 85013; 

(602) 285-3178 or 1-800-BARROW-1. 

10 New York Neuropsychology Group's 11th Annua! Conference, New York University Medical Cen- 
ter, New York, NY. Contact F. Frank LeFever, PhD, Helen Hayes Hospital, West Haverstraw, NY 
10993; (914) 947-3000, extension 3110. 

10-11 The First Annual Postgraduate Electromyography Review Course, Department of Neurology, Uni- 
versity of lowa College of Medicine, lowa City. Contact Deborah L. Hatz, Program Coordinator, Uni- 
versity of lowa College of Medicine, lowa City, IA 52242; (319) 335-8598. 

12-22 24th Comprehensive Review Course in Physical Medicine and Rehabilitation, Houston (Tex) Mar- 
riott Astrodome. Contact Holly A. Ford, Program Coordinator, The Office of Continuing Education, 
Baylor College of Medicine, One Baylor Plaza, Houston, TX 77030; (713) 798-6020. 

14-18 13th Annual Meeting of the American Society of Neuroimaging, Catamaran Resort Hotel, San Di- 
ego, Calif. Contact American Society of Neuroimaging, 2221 University Ave SE, Suite 340, Min- 
neapolis, MN 55414; (612) 378-7240. 

15-17 “Drugs, Behavior, and the Brain: Advances in Positron Emission Tomographic and Single Proton 
Emission Computed Tomographic Imaging of the Brain," The Johns Hopkins Medical Institutions, 
Baltimore, Md. Contact Patty Campbell, Program Coordinator, The Johns Hopkins Medical Institu- 

v tions, Office of Continuing Education, 720 Rutland Ave, Baltimore, MD 21205; (301) 955-6046. 

19-21 “Surgery for Epilepsy,” National Institutes of Health, Bethesda, Md. Contact Conference Registrar, 
Prospect Associates, Suite 500, 1801 Rockville Pike, Rockville, MD 20852; (301) 468-6338. 

22-23 Symposium on Dysphagia Ill, Baltimore, Md. Contact Program Coordinator, Office of Continuing 
Education, 720 Rutland Ave, Turner Building, Baltimore, MD 21205-2195; (301) 955-2959. 

23-25 “Clinical Neurology for Psychiatrists,” sponsored by Albert Einstein College of Medicine-Monte 
fiore Medical Center, Equitable Tower Auditorium, New York, NY. Contact Office of Continuing 
Medical Education, Albert Einstein College of Medicine-Montefiore Medical Center, 111 E 210 St, 
Bronx, NY 10467; (212) 920-6676. 

April 1-3 “The Cervical Spine and Upper Extremity in Sports and Industry," Hyatt Regency Embarcadero, 
San Francisco, Calif. Contact San Francisco Spine Institute, 1850 Sullivan Ave, Suite 140, Daly 
City, CA 94015; (415) 991-6761. 

1-6 Sixth World Congress on Pain, Adelaide, Australia. Contact International Association for the Study 
of Pain, 909 NE 43rd St, Suite 306, Seattle, WA 98105-6020; (206) 547-6409. 

1-8 "Pathophysiological and Compensatory Events During Cerebral Ischemia and Postischemic Ede- 
ma,” Trapani, Italy. Contact Professor Carlo Alvisi, Cattedra di Neurochirurgia, Istituto di Neurolo- 
gia, Via Foscolo 7, 40123 Bologna, Italy. 

4-6 Polish Congress of Neurology, Warsaw, Poland. Contact Professor J. Kulczycki, Institut Psycho- 

«X neurologiczny, Sobieskiego 1/0, 02-957 Warsaw, Poland. 

5-8 Tenth Annual American Medical Association Health Reporting Conference, The Westin Hotel, Den- 
ver, Colo. Contact Jill Stewart, Room 4277, Health Reporting Conference Coordinator, American 
Medical Association, 535 N Dearborn St, Chicago, IL 60610-9986; (312) 645-5102. 

f Forty-second World Health Day, sponsored by the World Health Organization, Geneva, Switzerland. 
Contact World Health Organization, Division of Public Information and Public Relations, Office 5066, 
CH-1211 Geneva 27, Switzerland. 

8-12 Meeting of the Neurosurgical Society of America, The Inn at Spanish Bay, Pebble Beach, Calif. 
Contact Russel W. Hardy, MD, University Neurosurgeons of Cleveland Inc, 2074 Abington Rd, 
Cleveland, OH 44106; (216) 844-3004. 

9-12 The Third International Congress of the World Apheresis Association, Amsterdam, the Netherlands. 
Contact Congress Secretariat, Third International Congress of the World Apheresis Association, 
c/o RAI Organisatie Bureau Amsterdam, Europaplein 12, 1078 GZ Amsterdam, the Netherlands. 

19-21 31st National Student Research Forum, University of Texas Medical Branch, Galveston. Contact 
National Student Research Forum, Room 209, Family Medicine Bldng, Route H-56, The University 
of Texas Medical Branch, Galveston, TX 77550; (409) 761-3762. 

25-27 The First International Congress of Movement Disorders, Washington, DC. Contact Mark Hallett, 
MD, National Institute of Neurologic Disorders and Stroke, National Institutes of Health, Bldg 10, 

4. Room 5N226, Bethesda, M D 20892. 

25-27 First International Congress of Movement Disorders, Washington, DC. Contact Secretariat, Inter- 
national Society of Movement Disorders, CH-4005 Basel, Switzerland. 

25-28 Clinical Neuroradiology Seminar, The Reach Resort, Key West, Fla. Contact F. Reed Murtagh, MD, 

3301 W Oak Dr, Tampa, FL 33612-9413; (813) 972-3351. 
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e e Highly Effective: 
Aborts migraines before they start 
Stops migraines in progress 
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e Reliable and Predictable 





^ The choice from the start 


*MSG, a common additive in Chinese cooking, may precipitate 
migraine attacks in susceptible individuals. 


Please see following page for brief summary of prescribing information. 





SANDOZPHARMACEUTICAL C-CAF-0682-01 
‘orporation, anovi 


S 
over, NJ 07936 (201) 503-7500 € 1989 Sandoz Pharmaceuticals Corporation 








CAFERGOT* CAFERGOT* P-B 


renis tartrate and caffeine) tablets, USP TABLETS AND SUPPOSITORIES 
ergotamine tartrate and caffeine) suppositories, USP 


DESCRIPTION 
CAFERGOT* — 
Tablet: 
ergotamine tartrate, USP. 
caffeine, USP AU ++. 100 mg 
Inactive Ingredients: acacia, carnauba wax, lactose, methylparaben, povidone, propylparaben, sodium 
benzoate, sorbitol, starch, stearic acid, sucrose, synthetic black ferric oxide, synthetic red ferric oxide, 
synthetic yellow ferric oxide, talc, tartaric acid and titanium dioxide. 
Suppository: 
groom artrate, USP : ?mg 
caffeine, USP 
Inactive Ingredients: tartaric acid, NF, and cocoa butter, NF. 
CAFERGOT® P-B — 
Tablet: 
ergotamine tartrate, USP 1mg 
GUIERE UGE ciais oi vies ceed ciesigess 













pentobarbital sodium, U: 
Warning: May be habit forming. 
Inactive Ingredients: acacia, carnauba wax, color additives including D&C Yellow #10, FD&C Blue #1, 
FD&C Yellow #6 (Sunset Yellow), lactose, malic acid, mixed parabens, povidone, sodium benzoate, starch, 
stearic acid, sucrose, talc, tartaric acid and titanium dioxide. 








Suppository: 

ergotamine tartrate, USP .2mg 
caffeine, USP ... 100 mg 
Bellafoline® (levori .25 mg 
peniobarbital USP .. o eer er emet .. 60 mg 


Warning: May be D 
Inactive Ingredients: tartaric acid, NF, malic acid, NF, and cocoa butter, NF. 


Cafergot Suppositories and Cafergot P-B Suppositories are sealed in foil to afford protection from cocoa 
butter leakage. If an unavoidable period of exposure to heat softens the suppository, it should be chilled 
in ice-cold water to solidify it before removing the foil. 


ACTIONS: Ergotamine is an alpha adrenergic blocking agent with a direct stimulating effect on the smooth 
muscle of peripheral and cranial blood vessels and produces depression of central vasomotor centers. 
The compound also has the properties of serotonin antagonism. In comparison to hydrogenated ergotamine, 
the adrenergic blocking actions are less pronounced and vasoconstrictive actions are greater. 

Caffeine, also a cranial vasoconstrictor, is added to further enhance the vasoconstrictive effect without 
the necessity of increasing ergotamine dosage. 

For individuals experiencing excessive nausea and vomiting during migraine attacks the further addition 
of the anticholinergic and antiemetic alkaloids of belladonna and pentobarbital for reduction of nervous 
tension has been provided. 

Many migraine patients experience excessive nausea and vomiting during attacks, making it impossible 
for them to retain any oral medication. In such cases, therefore, the only practical means of medication 
is through the rectal route where medication may reach the cranial vessels directly, evading the splanchnic 
vasculature and the liver. 


INDICATIONS 


C t 
Indicated as viel to abort or prevent vascular headache, e.g., migraine, migraine variants, or so- 
called “histaminic cephalalgia ". 
Catergot P-B 

Indicated as therapy to abort or prevent vascular headache complicated by tension and gastrointestinal 
disturbances. 


CONTRAINDICATIONS: Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic 
or renal function, sepsis and pregnancy. 
Hypersensitivity to any of the components. 


PRECAUTIONS: Although signs and symptoms of ergotism rarely develop even after long term intermittent 
use of the orally or rectally administered drugs, care should be exercised to remain within the limits of 
recommended dosage. 

Ergotism is manifested by intense arterial vasoconstriction, producing signs and symptoms of peripheral 
vascular ischemia. Ergotamine induces vasoconstriction by a direct action on vascular smooth muscle. 
In chronic intoxication with ergot derivatives, headache, intermittent claudication, muscle pains, numbness, 
ROMs and pallor of the digits may occur If the condition is allowed to progress untreated, gangrene 
can result. 

While most cases of ergotism associated with ergotamine treatment result from frank overdosage, some 
cases have involved apparent hypersensitivity There are few reports of ergotism among patients taking 
doses within the recommended limits or for brief periods of time. In rare instances, patients, particularly 
those who have used the medication indiscriminately over long periods of time, may display withdrawal 
symptoms consisting of rebound headache upon discontinuation of the drug. 

There have been reports of drug abuse and psychological dependence in patients on Cafergot* (ergotamine 
tartrate and caffeine) therapy. Due to the chronicity of vascular headaches, it is imperative that patients 
be advised not to exceed recommended dosages with long-term use to avoid ergotism. 


ADVERSE REACTIONS: Vasoconstrictive complications, at times of a serious nature, may occur. These include 
pulselessness, weakness, muscle pains and paresthesias of the extremities and precordial distress and 
pan Although these effects occur most commonly with long-term therapy at relatively high doses, they 
ave also been reported with short-term or normal doses. Other adverse effects include transient tachycardia 
or bradycardia, nausea, vomiting, localized edema and itching. Drowsiness may occur with Cafergot* P-B. 


DOSAGE AND ADMINISTRATION 
Procedure: For the best results, dosage should start at the first sign of an attack— 


PRODROMAL PHASE| PAIN PHASE 


2 tablets at start of attack; | additional tablet 
every 4 hour, if needed for full relief. 


FTIT? 


|| suppository at start of attack; second sup- 
pository after | hour, if needed for full relief 
f 


w A 
RECTALLY ) | 


Early Administration Gives Maximum Effectiveness 










ORALLY 


MAXIMUM ADULT DOSAGE 
Orally: Total dose for any one attack should not exceed 6 tablets, 
Rectally: Two suppositories is the maximum dose for an individual attack. 


Total weekly dosage should not exceed 10 tablets or 5 suppositories, 
In carefully selected patients, with due consideration of maximum dosage recommendations, administration 
of the drug at bedtime may be an appropriate short-term preventive measure. 


OVERDOSAGE: The toxic effects of an acute overdosage of Cafergot (ergotamine tartrate and caffeine 
are due primarily to the ergotamine component. The amount of caffeine is such that its toxic effects wil 
be overshadowed by those of ergotamine. Symptoms include vomiting, numbness, tingling, pain and cyanosis 
of the extremities associated with diminished or absent peripheral pulses; Fypenenson or hypotension; 
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prepared on a word processor, do not justify the right margin. A copyright transmittal letter 


Babinski's Sign in Medieval, 
Renaissance, and Baroque Art 


To the Editor.—In reference to the ar- 
ticle “Babinski’s Sign in Medieval, 
Renaissance and Baroque Art" in 
which material from The Plantar Re- 
flex: An Historical Clinical and Elec- 
tromyographic Study? was used with- 
out attribution: 

The use of a quotation from Dr Van 
Gijn’s article without reference was 
inappropriate and I apologize publi- 
cally to him. I have previously apolo- 
gized privately. My coauthor, L Sand- 
ers, was not involved in writing the 
section in question. 

As I stated in a previous, unpub- 
lished letter to the editor, I have never 
seen Dr Van Gijn’s thesis. Over 10 
years ago, a colleague gave me several 
photocopied pages containing this 
text. The author of this material was 
not identified and there was no indica- 
tion on these pages where the material 
had been published. At that time I 
made several attempts to identify the 
source of this material, without suc- 
cess. I made notes from these pages 
and later forgot how detailed was my 
duplication of the text that appeared 
in the first two paragraphs of the his- 
torical introduction to our article. This 
was a serious error, but it was unin- 
tentional. 

This illustrates the care needed 
when making notes, and I should have 
been more careful. I have considered 
myself a role model for trainees in ac- 
ademic neurology at our institution 
and I have been remiss in this respon- 
sibility. 

E. WAYNE Massky, MD 
Division of Neurology 
Duke University Medical Center 


PO Box 3909 
Durham, NC 27710 
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Magnetic Resonance Imaging and 
Clinical Correlates of Intellectual 
Impairment in Myotonic Dystrophy 


To the Editor.—In the May 1989 issue 
of the ARCHIVES, Huber et al' detailed 
the results of neuropsychological test- 
ing in adults with myotonic dystrophy. 
According to their findings, depression 
apparently differentiated myotonic 
subjects from controls, with the 
strongest statistical significance. In 
several previous reports," we have 
stressed the characteristic finding of 
depressive symptomatology in pa- 
tients with myotonic dystrophy, and 
have suggested that much of the ab- 
normal “personality” (so prominently 
described in past reports of these 
patients*?) may be the result of chronic 
depression. In many patients, the 
symptomatology fulfilled diagnostic 
criteria for major depressive disor- 
der,” and this depression responded 
well to treatment with the tricyclic an- 
tidepressant imipramine. As detailed 
by Huber et al,' patients with myotonic 
dystrophy show impairments in a va- 
riety of neurophysiological measures 
of right-hemisphere function. Similar 
deficits in right-hemisphere cognitive 
function have been described in other- 
wise normal individuals as a conse- 
quence of depression, and these defi- 
cits have been shown to reverse with 
treatment-induced remission of the 
depressive episode.'! 

We have suggested that all patients 
with myotonic dystrophy would bene- 
fit from a trial of imipramine or an- 
other tricyclie antidepressant in an 
attempt to ameliorate the depressive 
symptomatology and reverse the cog- 
nitive deficits. Another possible bene- 
ficial effect of such pharmacotherapy 
may be a reduction in myotonia.“ 
However, tricyclic antidepressants 
must be administered with caution in 
patients with myotonic dystrophy, 
since such individuals apparently have 
nonlinear elimination kinetics that 
can result in much higher than ex- 
pected serum levels after ordinary 
therapeutic doses.'* It would be of in- 


signed by all authors must accompany this (see “Instructions for Authors”). 


terest to know whether any of the pa- 
tients described by Huber et al re- 
ceived antidepressant therapy and, if 
so, what changes in their neuropsycho- 
logical measures were observed fol- 


lowing treatment. 
ROGER A. BRUMBACK, MD 
Section of Neuropathology 
University of Oklahoma Health 
Sciences Center 
940 Stanton L. Young Blvd 
Oklahoma City, OK 73190 
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In Reply.—We have read with interest 
the comments of Brumback regarding 
the influence of tricyclics on behav- 
ioral features of myotonic dystrophy. 
In fact, due to their possible influence 
on cognitive and depressive features of 
the disease, none of the patients who 
were in our study had been taking an- 
tidepressants for at least 6 months 
prior to the time of examination. The 
exact role of tricyclics in the treatment 
of myotonic dystrophy is at present 
uncertain due to the lack of double- 
blind studies, but the preliminary data 
provided by Brumback and associates 
certainly suggest that such studies 
may be worthwhile. 

STEVEN J. HUBER, PHD 


JoHN T. KissEL, MD 
Columbus, Ohio 


Significantly Higher Levels of 
Soluble Interleukin 2 in Patients 
With Relapsing-Remitting Multiple 
Sclerosis Compared With 
Healthy Subjects 


To the Editor.—Greenberg et al! re- 
cently reported that elevated levels of 
a soluble form of the interleukin 2 re- 
ceptor (sIl-2r) released by activated 
lymphoid cells? are found in the serum 
samples of patients affected by chronic 
progressive multiple sclerosis. An in- 
creased expression of membrane- 
bound interleukin 2 receptor on pe- 
ripheral blood lymphocytes in patients 
with a relapsing-remitting form of 
multiple sclerosis has also been 
described? Therefore, we have mea- 
sured the levels of sIl-2r in the serum 
samples obtained from 34 patients 
with clinically defined’ relapsing-re- 
mitting multiple sclerosis using an en- 
zyme-linked immunosorbent assay (T- 
cell Science, Cambridge, Mass). Nine 
patients (7 females, 2 males; mean age, 
29.2 years) were studied during an 
acute exacerbation, while 25 patients 
(17 females, 8 males; mean age, 38.9 
years) were studied in a period of clin- 
ical remission of at least 6 months' du- 
ration. None of the patients had taken 
steroids during the test time or during 
the previous month. None of the pa- 
tients had ever taken immunosuppres- 
sive agents. Serum levels of sIl-2r in 
patients with multiple sclerosis were 
significantly higher (mean + SD: 550 
U/mL + 240 U/mL) than those ob- 
tained in 15 age-matched healthy sub- 
jects (mean +SD: 283 U/mL + 84 U/ 
mL; P « .001). The proportion of indi- 
viduals with elevated levels of sIl-2r 
was higher in the acute-relapse group 
than in the remission group (8 of 9 pa- 
tients vs 12 of 25 patients; P « .05). 
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Our data confirm that activated 
Iymphocytes are present in the periph- 
eral blood of patients with multiple 
sclerosis, and that these lympho- 
cytes may be linked to the active de- 
myelinating process, either in the 
chronic-progressive or in the relaps- 
ing-remitting form of multiple sclero- 
sis. Since clinical criteria alone are 
insufficient in judging disease remis- 
sion,’ we have started to monitor sIl-2r 
in concert with magnetic resonance 
imaging in order to better determine 
the clinical usefulness of this simple 
serum marker. 

R. CAPRA 

F. MATTIOLI 

N. MARCIANO 

L. A. VIGNOLO 

Clinica Neurologica 
M. BETTINZIOLI 

P. AIRO 

R. CATTANEO 
Institute of Immunology 
University of Brescia 
Piazza Spedali Civili 1 
25125 Brescia, Italy 
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Serum Interleukin 2 and Soluble 
Interleukin 2 Receptor in Patients 
With Multiple Sclerosis Who Are 
Experiencing Severe Fatigue 


To the Editor.—Elevated levels of se- 
rum interleukin 2 (Il-2) and soluble in- 
terleukin 2 receptor (sIl-2r) have been 
related to active sarcoidosis. It has 
been suggested that this may reflect 
disease activity, since Il-2 is secreted 
by activated T lymphocytes and sIl-2r 
is shed by activated T lymphocytes 
during the course of a cell-mediated 
immune response.” Boutin and associ- 
ates? reported that serum levels of sIl- 
2r were markedly increased in patients 
with acute encephalitis, suggesting 
that the intrathecal immune response 


was reflected by elevated systemic lev- 
els of sIl-2r. Elevated systemic levels 
of Il-2 and sIl-2r have been reported in 
patients with multiple sclerosis,‘ 
stimulating questions about whether 
these parameters can be used to mea- 
sure disease activity, to estimate prog- 
nosis, or to explain certain clinical 
manifestations of the disease. 

We measured Il-2 and sIl-2r in eight 
patients with multiple sclerosis who 
each experienced persisting and debil- 
itating fatigue. All patients met re- 
search criteria for the diagnosis of 
multiple sclerosis. There were 6 
women and 2 men ranging in age from 
31 to 43 years (average age, 34.8 years), 
and ranging from 0 to 8.5 (average, 4.2; 
median, 3.5) on Kurtzke's Expanded 
Disability Status Score Duration of 
multiple sclerosis symptoms ranged 
from 2 months to 20 years (average, 7.8 
years). Normative data were derived 
from 50 healthy individuals who vol- 
unteered to provide a sample of blood 
for this purpose. Both Il-2 and slIl-2r 
levels were determined using commer- 
cially available “sandwiched” enzyme- 
linked immunosorbent assays accord- 
ingtothe manufacturer's instructions. 

The Il-2 levels were below the sensi- 
tivity of the assay (6.25 U/mL) in all of 
the patients tested. Soluble Il-2r levels 
ranged from 131 to 554 U/mL 
(mean +1 SD; 278 + 185 U/mL), 
which did not differ significantly from 
healthy volunteers (mean +1 SD; 
183 + 79 U/mL). Only one patient, a 
39-year-old woman with multiple scle- 
rosis of 20 years' duration, had a level 
greater than 2 SD above controls (554 
U/mL). There was no evident associa- 
tion between sIl-2r levels and Kurtzke 
Score or duration of disease, age, or 
gender. 

The results suggest that elevated 
levels of Il-2 or sIl-2r are not associ- 


ated with fatigue characteristic of < 


multiple sclerosis. Further, there was 
no significant difference between this 
small group of patients with multiple 
sclerosis and healthy controls. Since 
the patients were selected on the basis 
of fatigue, rather than clinical disease 
activity, further studies will be re- 
quired to determine whether the con- 
centration of sIl-2r correlates with 
disease activity. 

RICHARD A. RüDICK, MD 

Department of Neurology 


Mellen Center for Multiple Sclerosis 
Treatment and Research 

BARBARA P. BARNA, PHD 

Department of Immunopathology 

Cleveland Clinic Foundation 

Cleveland, OH 44106 
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Dangers From Intraspinal 
Steroid Injections 


To the Editor. —In response to my July 
1988 review article in the ARCHIVES! 
concerning intraspinal steroid ther- 
apy, a recent letter by Haynes et al? 
was published, which further extends 
the controversy that began in 1970. 
Haynes et al stated that epidural 
instillation of certain steroid com- 
pounds was a safe and effective treat- 
ment for chronic low back pain syn- 
dromes in which the pathologic find- 
ings were due to inflammation of nerve 
roots; however, intrathecal therapy 
was described as risky. In my experi- 
ence, the concept of treating "inflam- 
mation" is doubtful at best, due to the 
fact that most patients present with 
chronic pain due to chronic cicatrix. 


The core of the present conflict, how- 


ever, revolves around the toxicity of 
polyethylene glycol contained in sev- 
eral steroid compounds now in use, 
particularly methylprednisolone ace- 
tate and triamcinolone diacetate. Be- 
ginning in 1980, after The Upjohn 
Company (Kalamazoo, Mich) issued a 
warning concerning the intrathecal 
use of methylprednisolone acetate, 
there was a general abandonment of 
its subarachnoid route, except for a 
few centers.' Thereafter, anesthesiolo- 
gists began to report salutary results 
from its epidural use. However, in 
1985, significant complications began 
to be reported by other workers. In 
their recent letter, Haynes et al? noted 
that corticosteroids have not been ap- 
proved for intrathecal use by the Food 
and Drug Administration nor by their 
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manufacturers. It must be pointed out, 
however, that neither has approval 
been granted for their epidural use. 
The safety of epidural injections obvi- 
ously hinges on two factors: the dan- 
gers of inadvertent spinal taps, as well 
astheuninvestigated dangers of trans- 
udation of the injected medication 
through the meninges or the arachnoid 
villi. Technical error (dural or arach- 
noid puncture) is stated to occur with 
0.1% to 0.2% “total spinals,” 0.5% to 
2.5% dural punctures, and up to 25% 
inadvertent injections into spinal liga- 
ments (the latter are usually harm- 
less).’* Because 90% to 100% of pa- 
tients injected intrathecally with 
these compounds will promptly de- 
velop radiographically proven arach- 
noiditis,**"° the question arises as to 
dangers from small arachnoid leaks. 
No investigator has studied the possi- 
bility that methylprednisolone acetate 
or other similar compounds might en- 
ter the spinal fluid through the many 
thousands of arachnoid villi that sub- 
tend the various compartments and 
meninges from the subarachnoid 
space to the epidural veins.'’'? Because 
these compounds contain approxi- 
mately 30 mg/mL of polyethylene gly- 
col (an alcohol)," it is also likely that 
there is some temporary pain relief 
from an alcohol nerve bloek, as sug- 
gested by Van Buskirk et al.'* Includ- 
ing the recent letter by Haynes et al? 
a total of four responses to my review 
of this subject! have now been printed 
in the ARCHIVES, which I will summa- 
rize. Two neuroscientists (one a neu- 
rologist, the other a neurosurgeon) 
wrote letters that espoused the contin- 
ued intrathecal use of methylpred- 
nisolone acetate.'*'® On the contrary, 
two other letters written by anesthe- 
siologists concluded that intrathecal 
steroid use is contraindicated; how- 
ever, they stated that epidural injec- 
tions are safe.”!’ These contradictions 
clearly demonstrate unsettled scien- 
tific conflicts that began 20 years ago,! 
but a consensus seems to be develop- 
ing. There are two investigations that 
should be concluded before we can as- 
sume that intraspinal steroid therapy 
is safe. One is to petition the Food and 
Drug Administration for a listing of 
complications reported since 1982, the 
date after which epidural therapy vir- 
tually replaced intrathecal injection.' 
The second study needed is to investi- 
gate the possible dangers from migra- 
tion of these medications by various 
routes from the epidural to the sub- 
arachnoid spaces, utilizing large pri- 
mate experimental animals. Until 
these basic facts are known, one should 
be cautious about recommending ste- 


roid compounds for intraspinal use. In 
view of these therapeutic controver- 
sies, the question arises as to why this 
type of treatment in its various forms 
has remained so popular. I suspect that 
patients with the “failed back syn- 
drome,” as well as those with multiple 
sclerosis, are unusually susceptible to 
the placebo effect engendered by an 
understanding physician who recom- 
mends impressive spinal or epidural 
injections. In addition, the diseases for 
which intraspinal steroid therapy is 
used have poor prognoses that often 
tend to mask medication complica- 


tions. 
Dewey A. NELSON, MD 
48 Omega Dr 
Newark, DE 19713 
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CHICAGO 


728 West Algonquin Road (Arlington Heights) 


MIDAS REX"" Institute 
HANDS-ON WORKSHOPS* 


*Modern Dissection tae Of Bone, 
Q Biometals, Bioceramics, and Bioplastics" 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a 
series of structured exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, 


and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and 


of power equipment. 
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Neuro 700. 

MAY 7-8-9 * 24-25-26 
JUNE 18-19-20 
JULY 12-13-14 


OTOLARYNGOLOGICAL SURGEONS (Neuro 700)—dissection skills for bonework of the 
head and spine, including attention to bioplastics and biometals as applicable. 

OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of 
power instrumentation; and participation in problem solving, care and proper maintenance 


ORP 700 

For OR Personnel only: 
JUNE 7-8-9 (Pre NAON) 
JULY 8-9-10 (Pre AST) 


ENROLLMENT: Fee (US$): Surgeon $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Chicago Sym 


sium." 


Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 


*Enrollment is limited. Please call to reserve space before sending check or 


arra 


in Fo orth. 


ing travel plans. All enrollments are made through the Midas Rex office 


j E _ “doin the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 
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Vancouver 


British Columbia, Canada 


May 31-June 1-2, 1990 


(Immediately preceding the Canadian 
Orthopaedic Association meeting 
June 3-7 in Vancouver.) 


MIDAS REX™ Institute presents 
“Modern Dissection Techniques of Bone, Biometals, Bloceramics, and Bloplastics” 


SYMPOSIA/HANDS-ON WORKSHOPS 


for ORTHOPAEDIC SURGEONS (Ortho 700) 


for NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, 
and OTOLARYNGOLOGICAL SURGEONS (Neuro 700) 


Course Directors: Susan Mitchell, Ed.D.; Jim Stretch, Ph.D. 
SYMPOSIUM FORMAT 


WORKSHOPS; The MIDAS REX Hands-On Workshops will 

be held each day from 7:30 a.m. to 1:30 p.m. The workshop 

will emphasize a series of structured exercises utilizing ap- 

pone" animal bones, skeletal bones, bioplastics, and 
iometals. 


Ortho 700—dissection in small bones, large bones, spines, 

joint replacement, revision surgery, methylmethacrylate, 
olyethylene, and biometals, including broken stem extrac- 
on. 


ssection skills for bonework of the cranium 
and spine, including attention to bioplastics and biometals 
applicable to neurosurgery. 


CREDIT: C.M.E. Credit Available 


COURSE LOCATION: Vancouver Trade & Convention 
Centre, 999 Canada Place, Vancouver, BC V6C 3C1, Can- 
ada. Phone: 604-641-1987. 


ACCOMMODATIONS: Pan Pacific Hotel Vancouver, 300- 
999 Canada Place, Vancouver, BC V6C 3B5, Canada 
Phone: 800-663-1515 or 604-662-8111. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fellow/ 
Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) 
$250.00. Make check to "Vancouver Symposium." Mail to: 
Midas Rex Institute, 2929 Race Street, Fort Worth, TX 
76111. Phone: 800-433-7639 or 817-831-2604. Enrollment 
is limited. Please call to reserve space before sending check 
or arranging travel plans. 


Joín the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 
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A CASE FOR Magnevist 


(gadopentetate 
dimeglumine 46801 mg/mL) 
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ANEURYSM VS MENINGIOMA 


INFORMATION FROM CT 





Figure 1. Precontrast scan. A 1.25-cm bulb- Figure 2. Postcontrast scan. Scan following 
shaped mass lesion is seen posterior contrast shows that the lesion is anterior 

to the carotid artery (arrow) in noncontrast to the middle cerebral artery (arrow), but can- 
CT scan. not confirm diagnosis. Differential diagnosis 


includes aneurysm vs meningioma. 


INFORMATION FROM MRI AFTER 
BEFORE MAGNEVIST: INJECTION MAGNEVIST: INJECTION 





Figure 3. T1-weighted MRI scan Figure 4. T2-weighted MRI scan Figure 5. T1-weighted MRI scan 
pre-MAGNEVIST® injection (TR 500, TE 15.4). pre-MAGNEVIST® injection (TR 2500, TE 80). post-MAGNEVIST® injection (TR 500, TE 15.4). 
The T-weighted pre-MAGNEVIST® In the T2-weighted image, there is some After MAGNEVIST® injection, there 

image shows an isointense area (arrow) hyperintensity (arrow), but lesion is still not is homogeneous enhancement of > 
with no clear delineation of the lesion. clearly defined. a 4.5-cm mass lesion adjacent to the right 


cavernous sinus (arrow). Signal and 
enhancement characteristics are consis- 
tent with those of ameningioma. 


Images courtesy of Robert Tash, MD. MRI Diagnostics of Rockland, Inc., 


© 1990, Berlex Laboratories, Inc. All rights reserved 
Suffern, NY. Magnet strength: 2.07. 


See more. 
See better. 


; MAGNEVIST: INJECTION MAY IMPROVE 
THE DIAGNOSTIC UTILITY OF MRI ALONE 


e Clearly delineates meningiomas and intracranial lesions 
on the basis of either abnormal vascularity or disruption of 
the blood-brain barrier 





Clinical value of MAGNEVIST: injection enhancement 
In a blinded reader review of 99 cases with enhancing lesions, 


a rad iologically THE MOST FREQUENTLY REPORTED TYPES 


helpful information | or RADIOLOGICALLY HELPFUL INFORMATIO 
FOLLOWING ENHANCEMENTWITH — 
was provided in MAGNEVIST* INJECTION (N — 74) icm 












o DEFINED SIZE 
74% of the cases? 404 AND MARGINS 
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BETTER MEDICINE THROUGH BETTER IMAGES 


Please see brief summary of prescribing information for MAGNEVIST® injection on last page of this advertisement. 
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Well tolerated? in clinical trials, the most common adverse reactions reported were headache (8.7%) 
and injection-site coldness/localized coldness (4.8%). The majority of headaches were transient and of 
mild to moderate severity. In clinical trials, 1596 to 30% of patients experienced an asymptomatic transient 
rise in serum iron; hypotension occurred in less than 1% of the patients. The safety of MAGNEVIST* injection 
in patients with hemolytic disorders has not been studied. 





BRIEF SUMMARY 


INDICATIONS AND USAGE 


MAGNEVIST® Injection is indicated for use with magnetic resonance imaging (MRI) in adults 
ond children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularity or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known. 


WARNINGS 


The accepted safety considerations and procedures that are required for magnetic 
resonance imaging are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. In addition, dparygenataa sickle erythrocytes have been shown in in vitro 
studies to align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment bygado entetate dimeglu- 
mine may possibly potentiate sickle erythrocyte alignment. MAGNEVIST® Injection in 
patients with sickle cell anemia and other hemoglobinopathies has not been studied. 


Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. In clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
ond substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 
reaction which was described as mild by the patient and occurred 
after 6-1/2 hours. In a study in normal volunteers one subject 
experienced syncope after arising from a sitting position two hours 
after administration of the drug. Although the relationship of 
gadopentetate dimeglumine to these events is uncertain, patients 
should be observed for several hours after drug administration. 


PRECAUTIONS - General 


Diagnostic procedures that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed. 


In a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure. 


Since M ie. peque is cleared from the body by [n te filtration, caution 
should be exercised in patients with severely impaired renal function. 


Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 
morphology resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron. 
Serum bilirubin levels were slightly elevated in gins cot 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimeglumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 


When MAGNEVIST® Injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 


If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


Information for Patients: 

Patients receiving MAGNEVIST® Injection should be instructed to: 

1. Inform your physician if you are pregnant or breast feeding. 

2.Inform your physician if you have anemia or any diseases that affect red blood cells, 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimeglumine. 


Gadopentetate dimeglumine did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimeglumine did not induce 
a positive response in the (C3H 10TI/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary cultures of rat 
hepatocytes at concentrations up to 5000 ug/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively. 


The results of a reproductive study in rats showed that gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
pregnancy rate in comparison to a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in male rats at the 2.5 mmol/kg dose. In female rats a decrease in the number 
of corpora lutea at the O1 d dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 


In a separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimeglumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 
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adopentetate 
WEM 46201 mg/mL) 


PREGNANCY CATEGORY C. 

Gadopentetate dimeglumine has been shown to retard development slightly in rats when 
iven in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 

doses 2.5 times the human dose. No congenital anomalies were noted in either species. 

There are no adequate and well-controlled studies in pregnant women. MAGNEVIST* 

eruan soud be used during pregnancy only if the potential benefit justifies the potential 

risk to the fetus. 


NURSING MOTHERS 

C14 labelled gadopentetate dimeglumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
via the milk during the 24-hour evaluation period. It is not known to what extent MAGNEVIST® 
Injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 
Safety and efficacy in children under the age of 2 years have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 

The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate wow In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® Injection. Injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausea occurs in 3.2% of the patients. 

Localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less than 2% of the patients. 

a ® The following additional adverse events occur in less than 1% 
ist of the patients: 

Body as a Whole: Injection site symptoms, namely, pain, warmth, 
burning; localized burning sensation, substernal chest pain, fever, 
weakness, generalized coldness, localized edema, tiredness, 
chest tightness, regional lymphangitis. 

Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis. 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 
increased salivation. 

Nervous System: Agitation, thirst, convulsions (including grand mal). 


Seen tent System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cough. 

Skin. Rash, sweating, pruritus, urticaria (hives). 

Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation. 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted, 

Body as a Whole: Back pain, pain, generalized warmth. 

Cardiovascular; Hypertension, tachycardia, migraine, syncope. 

Digestive: Constipation, diarrhea. 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 

Skin: Facial edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain, 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate dimeglumine injection in mice is 
542.5 mmol/kg and in rats it is 10-15 mmol 9. The LDso of intravenously administered 
MAGNEVIST® Injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 


The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg (01 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 


DOSAGE CHART 


Body Weight Dose in prox Duration of 
(kg) mL Injection in Seconds 
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To ensure complete injection of the contrast medium, the injection should be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® Injection. 

Parenteral products should be inspected visually for particulate matter and discoloration 
prior to administration, whenever solution and container permit. 
For full prescribing information, see package insert. 

Caution: Federal Law Prohibits Dispensing Without Prescription. 


©1989, Berlex Laboratories, Inc. 
All rights reserved. 
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Original Contributions 


Heritability of Cognitive Performance in Aging Twins 


The National Heart, Lung, and Blood Institute Twin Study 


Gary E. Swan, PhD; Dorit Carmelli, PhD; Terry Reed, PhD, MPH; Gregory A. Harshfield, PhD; 
Richard R. Fabsitz, MA; Paul J. Eslinger, PhD 


@ The genetic contribution to perfor- 
mance on scales designed to measure 
mild to moderate decrements in cognitive 
functioning in a population at risk is un- 
known. In the present analysis, 134 
monozygotic and 133 dizygotic male twin 
pairs (mean age, 63 years) were given 
three cognitive tests: the Mini-Mental 
State examination, the lowa Screening 
Battery for Mental Decline, and, for com- 
parison, the Digit Symbol Substitution 
Test from the Wechsler Adult Intelligence 
Scale. The primary objective of the analy- 
sis was to test for a significant heritable 
component to performance on these mea- 
sures. A secondary objective was to de- 
termine the extent to which shared vari- 
ance with significant confounders such as 
education, age, and depression affects 
the outcome of the heritability analysis. 
Results indicate that performance on tests 
intended to measure cognitive decline in 
the elderly does have a significant genetic 
component and that these estimates tend 
to increase after adjustment for covari- 
ates. Heritability estimates adjusted for 
covariates were 30% for the lowa Screen- 
ing score, 60% for the Mini-Mental State 
score, and 67% for the Digit Symbol Sub- 
stitution score. 

(Arch Neurol. 1990;47:259-262) 
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Tre genetic contribution to cognitive 

performance on scales designed to 
detect mild to moderate decrements in 
a population at risk for dementia is 
unknown.! Despite the obvious need 
for studies of genetic and environmen- 
tal contributions to cognitive perfor- 
mance in the elderly, few results have 
been presented in the literature. A re- 
cent review! turned up only two twin 
studies^? that had attempted to iden- 
tify genetic contributions to cognitive 
performance in older people. In the 
first study; evidence was obtained for 
significant genetic influences (in the 
form of smaller twin pair differences 
on several tests from the Wechsler- 
Bellevue and Stanford-Binet scales) 
among 75 identical twin pairs as com- 
pared with 45 fraternal twin pairs 
(mean age, 69 years) on most cognitive 
tests except those measuring memory. 
The second study? was performed on 
only 13 identical and 6 fraternal twin 
pairs; although the findings generally 
support the earlier work; the very 
small sample precludes firm conclu- 
sions. 

The present study was designed to 
test for the presence of genetic vari- 
ance in cognitive performance in the 
elderly. Because the number of older 
people in the US population is increas- 
ing dramatically, there is an increased 
need to understand environmental and 
genetic contributions to cognitive 
functioning in the elderly. Knowledge 
of both effects could (1) help identify 
people who appear to be at risk for se- 
rious or premature decline by virtue 
of their genetic makeup, and (2) iden- 
tify environmental factors that 
heighten the risk beyond that provided 
by the genetic background. Knowledge 
of gene-environment interactions, in 
turn, may provide clues for efforts 
aimed at preventing premature de- 


cline. A secondary objective was to de- 
termine the extent to which shared 
variance with depression and other 
suspected confounders,** such as age 
and education, can alter the outcome of 
heritability estimates of cognitive 
tests. 


SUBJECTS AND METHODS 
Subjects 


The present study was part of a larger 
investigation of psychological, demo- 
graphie, metabolie, cardiorespiratory, an- 
thropometric, and social aspects of coro- 
nary heart disease proneness in identical 
and fraternal twins. All participating twins 
were white men and American veterans of 
World War II and/or the Korean conflict. 
At intake in the 1969-1973 period, 514 twin 
pairs participated in the first clinical ex- 
amination of the National Heart, Lung, and 
Blood Institute (Washington, DC) Twin 
Study. Details of the recruitment process, 
response rate, determination of zygosity, 
and initial examination protocol for this 
study are available elsewhere.* 

During the 1981-1982 period, 792 of the 
original cohort of 1028 twin subjects re- 
turned for a second examination, and dur- 
ing the 1986-1987 period, 622 twins partic- 
ipated in a third examination. Returnees 
for the second examination had signifi- 
cantly lower levels of smoking, glucose tol- 
erance, diabetes, and hypertension at the 
initial examination than nonreturnees. Re- 
turnees were also more obese than nonre- 
turnees. As part of this most recent exam- 
ination, three cognitive screening tests 
were given to all 622 individuals (mean age, 
63 years) participating in the examination. 
The final analyses reported herein were 
conducted on 267 pairs (134 monozygotic 
[MZ] and 133 dizygotic [DZ] pairs), with 
both members of the twin pair participat- 
ing in the examination. 


Measures 


Cognitive Measures.— The Iowa Screening 
Battery for Mental Decline; the Mini- 
Mental State examination? and the Digit 
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Table 1.—Heritability Analyses for Various Cognitive Measures, Unadjusted and Adjusted for Age, Education, and Depression: The 
NHLBI Twin Study (1986-1987) * 


MZ Twin Pairs 
eRe M M M M ——————————————————— 
Within 
Mean 
Mean Squares Squares No. 


Among 
Cognitive Mean 


Measure No. 


DZ Twin Pairs 


Among 
Mean 





lowa Screening 133 4.11 
score 


Unadjusted Analyses 


132 3.88 5.37 2.52 





Mini-Mental 134 27.5 
State score 


6.13 


132 b 6.23 


Within 
Mean 
Mean Squares Squares 


Test for 
Difference in 
MZ and DZ 
~~ Heritability 
r Mean Variance Estimate 


1.16 0.22 








Digit Symbol 134 215.15 


score 


133 42.2 142.64 








lowa Screening 
score 





Mini-Mental 
State score 


Adjusted Analyses 
129 -0.02 1.26 





129 —0.05 1.20 





Digit Symbol 
score 


129 0.04 1.31 


0.76 





* NHLBI indicates National Heart, Lung, and Blood Institute, Washington, DC; MZ, monozygotic; and DZ, dizygotic. 


tWithin-components test for genetic variance. 
£P <.20. 

SAmong-components test for genetic variance. 
||P «.10. 

{Within-pair test for genetic variance. 


Symbol Substitution Test from the 
Wechsler Adult Intelligence Scale, Revised 
(WAIS-R)' were used to assess cognitive 
status. The tests were individually admin- 
istered by a trained technician as part of 
the larger health examination given to 
subjects. The Iowa Screening test took ap- 
proximately 20 minutes to administer and 
combined scores of (1) the Benton Visual 
Retention Test” (Administration A, Form 
C, which assesses short-term visual mem- 
ory for designs) and (2) the Controlled Oral 
Word Association Test (which requires the 
oral production of words beginning with a 
given letter of the alphabet over a 1-minute 
period) into a discriminant function for- 
mula, yielding a single summary score." 
Performance on this test assesses timed 
verbal fluency, which places demands on 
linguistic storage and production by requir- 
ing organized retrieval strategies and word 
generation, and also assesses short-term 
memory for designs, which places demands 
on attention, visual perception, visual 
memory, and constructional ability. Heri- 
tability analyses were performed on the 
summary score. 

The second cognitive screening test, the 
Mini-Mental State,’ briefly assesses orien- 
tation, recall, language, calculation, and 
simple construction. Heritability analyses 
were performed on the total score, which 
ranges from 0 to 30. 

The Digit Symbol Substitution Test from 
the WAIS-R? was included as a measure of 
psychomotor speed. Of WAIS-R subtests, 
Digit Symbol is generally regarded as the 
most sensitive to normal aging changes," 
has a known genetic component," and has 
been shown to differentiate between mild 
dementia and normal aging. It was in- 
cluded in this analysis as a standard of 
comparison. Standard administration and 
scoring procedures were followed. The raw 
score (number of items completed correctly 
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in 90 seconds) was subjected to genetic 
analysis. 

Background Variables.—In addition to 
standard demographic variables, the Cen- 
ter for Epidemiologic Studies Depression 
Scale was used to determine individual 
levels of depression. The participant was 
asked to indicate the frequency during the 
past week with which he had experienced 
any of 20 separate feelings on a four-point 
scale (0 indicating never or less than 1 day, 
3 indicating 5 to 7 days). Several items in- 
dicated nondepressed affect; these were re- 
verse scored, combined with the scores of 
the items indicating depression, and 
summed to yield a depression score. Educa- 
tional level was quantified by totaling the 
number of years to complete the partici- 
pant's highest grade of schooling. 


Statistical Methods 


First we examined the means, total vari- 
ances, and within- and among-pair mean 
squares by zygosity for each of the cognitive 
tests. Means and total variances were com- 
pared between zygosities using the corre- 
sponding t’ and F’ tests proposed by Chris- 
tian et al. Because these tests have low 
power, we used an a of .20 for rejecting the 
hypothesis of equal mean or total variance. 
In the case of significant differences in to- 
tal variance, the "among-components" es- 
timate was used to test for genetic variance. 
The Falconer heritability estimate (h? = 
2[ruz — rpz] is reported for variables where 
no difference in total variance was observed 
(ruz and rp; being intraclass correlations in 
MZ and DZ twins). 

As part of the current analysis, we ex- 
amined the correlation between age, educa- 
tion, and depression and cognitive scores. 
These variables were then used for adjust- 
ment. Raw test scores were adjusted by 
constructing a linear equation in which the 
original cognitive scores were the depen- 


dent variables and the sociodemographic 
data were the independent variables. For 
each scale that was adjusted, separate 
equations were derived for MZ and DZ 
twins to allow for differential effects of 
these variables in the two groups. From 
these equations, predicted values were cal- 
culated for each individual in the sample. 
The predicted values could be interpreted as 
“environmental” values, since they were 
calculated as composites of nongenetic in- 
fluences only (eg, age or education). Stan- 
dardized residual values (the difference be- 
tween the observed and the predicted value 
divided by its SD at the point of prediction) 
were then calculated for each scale and for 
each subject. These residual values have 
means equal to 0 and SDs equal to 1, and 
were used in the analyses of variance to es- 
timate the heritability of the adjusted val- 
ues. 

If MZ and DZ variances did not differ, a 
95% confidence limit was computed for the 
Falconer heritability estimate using the 
following formula": 


+1.96 X 2//(1-ruznyuz) + (17r/5znpz) 


where ryz and 7pz are intraclass correla- 
tions in MZ and DZ twins and ny; and npz 
are the corresponding numbers of pairs of 
MZ and DZ twins. 


RESULTS 


Heritability Analyses: Unadjusted 
Performance Scores 


Table 1 gives the results of the her- 
itability analyses performed on the 
cognitive scores before adjustment for 
covariates. No differences emerged be- 
tween zygosities on mean levels for the 
three tests. A comparison of total vari- 
ances by the F’ test indicated signifi- 
cantly greater total variance in DZ 
compared with MZ twins for the Mini- 
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Mental State examination (P «.20) 
and the Digit Symbol Substitution Test 
(P «.10). Consequently, the among- 
components test of genetic variance 
was used for the Mini-Mental and 
Digit Symbol scores. The Falconer es- 
timate was used for the Iowa Screen- 
ing score. These estimates were 22%, 
388%, and 76%, respectively. A 95% 
confidence interval (CI) was computed 
only for the heritability estimate of 
the Iowa Screening score according to 
the Vogel and Motulsky formula." This 
ranged from 0.19 to 0.63. Confidence 
intervals were not computed for the 
heritability estimates of the Digit 
Symbol score or Mini-Mental test be- 
cause of the significant MZ-DZ differ- 
ences in total variance. 


Heritability Analyses: Adjusted 
Performance Scores 


Table 2 gives the associations be- 
tween the cognitive scores and three 
known contributors to cognitive per- 
formance: age, education, and depres- 
Sion. Twins were treated as individuals 
in these analyses, and correlations are 
presented by zygosity. Significant but 
very modest negative associations be- 
tween age and Digit Symbol Substitu- 
tion and Iowa Screening Battery 
Scores emerged for both zygosities. 
Mini-Mental State scores were not as- 
sociated with age for either zygosity. 
As expected, education was signifi- 
cantly correlated with performance on 
all three cognitive indexes, indepen- 
dent of zygosity. An interesting pat- 
tern emerged with respect to the rela- 
tionship between depression and cog- 
nitive performance. Higher scores on 
the depression scale were associated 
with lower performance on all three 
cognitive tests for DZ twins only; no 
significant association between de- 
pression and performance for any of 
the measures was observed for the MZ 
twins. In addition, MZ twins had sig- 
nificantly lower mean levels (P <.05) 
on the Center for Epidemiologic Stud- 
ies Depression Scale (25.97 + 0.38) 
than did the DZ twins (26.91 + 0.39). 

Results of the heritability analyses 
conducted on the individual adjusted 
performance scores are given in Table 
1. Overall, the adjustment for age, ed- 
ucation, and depression resulted in 
higher heritability estimates (percent 
of total variance) for the Mini-Mental 
State and the Digit Symbol Substitu- 
tion Test. The heritability estimate for 
the Iowa Screening Battery increased 
by 8% after adjustment for covariates; 
however, its significance approached 
only marginal levels. A review of the 
magnitude of the intraclass correla- 
tions reveals that the adjustment pro- 
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Table 2.—Correlations of Cognitive Measures With Age, Education, and Depression by 
Zygosity: The NHLBI Twin Study (1986-1987)* 
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—— —— ———— 
MZ DZ MZ DZ MZ DZ 
(n = 301) (n= 318) (n= 301) (n = 318) (n= 301) (n = 318) 
—.12t = tét = 01 —,05 —.22t —.15Tt 
Education 
(y school) .30t .28t .35t .31£ .42t 
CES-D —.07 —.14t —.03 T2 —.05 
lowa Screening 
score .421 .45t .42t .40t 
Mini-Mental State 
score .421 .45t .37ł .32ł¢ 


* NHLBI indicates National Heart, Lung, and Blood Institute, Washington, DC; MZ, monozygotic; DZ, dizygotic; 









and CES-D, Center for Epidemiologic Studies Depression Scale. 


tP «.05. 
£P <.01. 


cedures reduced MZ correlations for 
the Iowa, Mini-Mental, and Digit Sym- 
bol Substitution tests by only 15%, 
14%, and 17%, respectively. By con- 
trast, the adjustment had a larger ef- 
fect on the DZ intraclass correlations 
for all three tests. The reductions in 
intrapair similarity were 31%, 42%, 
and 46%, respectively. In addition, as 
a result of the adjustment for covari- 
ates, the total variance on Digit Sym- 
bol Substitution and Mini-Mental 
scores became equal in MZ and DZ 
twins. Thus, the overall effect of ad- 
justment and standardization was to 
create equal distributions of scores on 
these two tests in MZ and DZ twins. 
Ninety-five percent CIs were con- 
structed for the heritability estimates 
of the adjusted Mini-Mental and Digit 
Symbol Substitution scores. For the 
Mini-Mental score, this interval was 
0.16 to 1.04; for the Digit Symbol Sub- 
stitution Test, the interval was 0.28 to 
1.06. Since the heritability estimate for 
the Iowa Screening score was not sig- 
nificant, a CI was not computed. 


COMMENT 


Evidence for a significant heritable 
component to global measures of cog- 
nitive functioning was obtained in this 
sample of aging male twins. With re- 
gard to the specific tests, we found (1) 
the heritability estimate was 67% for 
the Digit Symbol Substitution Test af- 
ter the adjustment for covariates; (2) 
the heritability estimate of the Mini- 
Mental State increased in magnitude 
after adjustment; and (3) despite the 
moderately strong correlation (.40 to 
.45) with both of the other tests, the 
heritability of the Iowa Screening 
score after adjustment was roughly 
half those of the Digit Symbol and 
Mini-Mental tests and only marginally 
significant. 

The fact that Digit Symbol Substi- 


tution, as a measure of psychomotor 
speed, short-term memory, and cogni- 
tive flexibility, demonstrated signifi- 
cant heritability is consistent with 
previous research in younger twins." 
Change in performance on the Digit 
Symbol Substitution Test also figures 
prominently as an indicator of “crit- 
ical loss," a concept describing the re- 
lationship between an accelerated rate 
of decline in selected cognitive mea- 
sures and subsequent mortality. Re- 
peated testing of this sample of older 
twins will enable us to study the her- 
itability of critical loss and to examine 
the validity of the critical-loss concept 
for various categories of illness and 
causes of death. 

Since this is the first report of a her- 
itability analysis for both the Mini- 
Mental State examination and the 
Iowa Screening Battery, we are unable 
to compare these results with any 
similar, previously published analy- 
ses. We are able to note, however, that 
recent estimates of the genetic compo- 
nent to general intelligence converge 
on the figure of 50%. Heritability es- 
timates for the Mini-Mental State are 
equivalent in magnitude to those for 
general intelligence; estimates for the 
Iowa Screening Battery are somewhat 
lower. The Mini-Mental State test is 
reported to correlate well with verbal 
IQ (r = .78) and with performance IQ 
(r = .66) scores on the WAIS,’ while 
the relationships of the Iowa Screen- 
ing Battery (primarily through the 
Benton Visual Retention Test) to mea- 
sures of general intelligence are 
slightly lower (WAIS performance IQ, 
r = .52; WAIS verbal IQ, r = .61).'° Al- 
though the Mini-Mental State samples 
several domains, it does so briefly. It 
therefore may not be as sensitive as 
the Iowa Screening Battery to differ- 
ences in learning strategies, rehearsal, 
and information processing acquired 
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by twins as a result of education, occu- 
pation, and other life experiences. 
Since the Iowa Screening Battery more 
intensely examines memory, learning, 
and verbal fluency, it may be vulnera- 
ble to more of the subtle cognitive dif- 
ferences acquired through socializa- 
tion and education than is the Mini- 
Mental State. The study by Kallmann 
et al? also found less genetic influence 
on performance on memory tests per 
se. It is too soon to tell, however, 
whether measuring the change in per- 
formance on these scales through re- 
peated periodic testing would reveal 
age-genotype interactions exhibited in 
the form of higher heritability esti- 
mates for the Iowa Screening score as 
it detects subtle forms of mild to mod- 
erate cognitive decline, a topic of great 
current interest to behavior gene- 
ticists." 

The effect of adjustment for covari- 
ates on heritability estimates is dem- 
onstrated in the reduction of both MZ 
and DZ intraclass correlations. This 
result is consistent with previous re- 
search using similar adjustment pro- 
cedures? and also demonstrates the 
differential role that environmental 
factors may have on MZ and DZ intra- 
twin-pair similarity. The finding that, 
in this sample, DZ twins reported sig- 
nificantly more depressive symptoms 
than did MZ twins and that Center for 
Epidemiologic Studies Depression 
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Seale scores were uniformly related to 
cognitive performance only for DZ 
twins underscores the differences in 
environment and covariances in the 
two zygosities.! 

The results reported herein may be 
significant for several reasons. First, 
the heritability estimates were based 
on the performance on tests known to 
be sensitive to abnormal decline in the 
elderly, using the largest sample of MZ 
and DZ twin pairs currently available 
for behavioral genetic studies of cog- 
nitive performance in the United 
States. The results of the analyses are 
consistent with the earlier twin study,” 
which showed that identical twins 
were significantly more similar than 
fraternal twins on several of the mea- 
sures of intelligence from Wechsler- 
Bellevue and Stanford-Binet scales. 

Second, Plomin! points out that vari- 
ance in cognitive ability between indi- 
viduals is most likely to be greater for 
elderly individuals than for younger 
people. Our own results support the 
conclusion that future behavioral ge- 
netie research should focus on the ex- 
tent to which phenotypic variance 
among elderly individuals is due to in- 
creased genetic or environmental vari- 
ation, or both. The approach taken in 
the present study indicates that ad- 
justing cognitive performance scores 
for covariates that are environmental 
in nature does have a substantial ef- 
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mentioned above, while producing less 
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may also provide clues to environmen- 
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lated differentially to MZ and DZ twin- 
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environment interactions then could 
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preventable. 
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The Natural History of Dementia in Down's Syndrome 


Heleen M. Evenhuis, MD 


* In a prospective longitudinal study 
with death as the end point in 17 middle- 
aged patients with Down's syndrome, de- 
mentia was clinically diagnosed in 15 pa- 
tients, by means of careful observations in 
daily circumstances. Autopsies were per- 
formed in 10 cases: 8 demented patients 
and 2 nondemented patients. Neuropatho- 
logically, Alzheimer-type abnormalities 
were demonstrated in 9 patients, both de- 
mented and nondemented, and combined 
Alzheimer-type abnormalities with infarc- 
tions were demonstrated in 1 patient. In 
the 14 demented patients who did not 
show evidence of cerebrovascular or sys- 
temic vascular disease, dementia had an 
early onset and was rapidly progressive 
(mean age at onset, 51.3 years in the 
moderately retarded patients and 52.6 
years in the severely retarded patients; 
mean duration of symptoms, respectively, 
4.9 and 5.2 years). Cognitive and behav- 
ioral decline corresponded to symptoms 
of dementia of the Alzheimer's type in pa- 
tients without Down's syndrome, but often 
were not recognized early. In the present 
group of patients, there was a remarkably 
high incidence of gait and speech deterio- 
ration. Also, the incidence of epileptic sei- 
zures and myoclonus was about eightfold, 
as compared with dementia of the Alzhe- 
imer's type in patients without Down's 
syndrome. 

(Arch Neurol. 1990;47:263-267) 


Although the first case of mental de- 
terioration in a middle-aged pa- 
tient with Down's syndrome (DS) was 
reported more than 100 years ago,' this 
complication of DS has remained a 
' rare one for a long time because of the 
limited life expectancy for patients 
with DS. Due to improved medical 
care, nowadays as many as 70% of pa- 
tients with DS can expect to live be- 
yond 40 years of age; and dementia 
has been reported to develop in a con- 
siderable portion of them. Many re- 
ports have stressed the similarities 
between age-related changes in the 
brains of patients with DS and the 
neuropathology of dementia of the 
Alzheimer's type (DAT). 
To my knowledge, the clinical course 
of dementia in DS has not been de- 
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scribed in detail. Published studies in- 
clude case reports, autopsy studies 
with retrospective diagnostic evalua- 
tions, and cross-sectional studies on 
changes in adaptive behavior, perfor- 
mances on standardized neuropsycho- 
logic tests, and neurologic signs in re- 
lation to aging in groups of patients 
with DS.2*"" A retrospective review of 
clinical symptoms in 15 demented pa- 
tients with DS was reported by Lott 
and Lai," but their follow-up was not 
continued until the patients died. 
Wisniewski et al? reported on the 
course of dementia and neuropatho- 
logic findings in 7 patients with DS. 

In this report, the natural history of 
dementia in a group of patients with 
D$, with death as the end point, is 
presented. 


PATIENTS AND METHODS 


All patients with DS (n = 17) who died at 
the age of 40 years and older, from 1975 
through 1987, in our institute for mentally 
retarded persons were included; there were 
10 females and 7 males. The diagnosis of DS 
was based on the typical phenotype. Since 
karyotyping was not routinely performed 
until 1985, a karyogram was made in only 7 
patients, showing trisomy 21, nondisjunc- 
tion, in all cases. The intellectual level was 
measured by several formal scales (Stuts- 
man's Mental Measurement of Preschool 
Children, Leiter International Perfor- 
mance Scale, Peabody Picture Vocabulary 
Test, and a Dutch scale of social skills). 
Since 12 patients were institutionalized af- 
ter their condition deteriorated, their 
former intellectual levels had to be esti- 
mated from their history, or these levels 
were known from former psychologie test- 
ing. The intellectual level was *moderately 
retarded" (IQ, 35 to 55) in 12 patients and 
"severely retarded" (IQ, 25 to 35) in 5 
patients. None of them had a history of ep- 
ileptic seizures. 

All subjects were prospectively followed 
up by the author (H.M.E.) from the moment 
of institutionalization until death. Specific 
standardized diagnostic methods for de- 
mentia in mentally retarded persons in the 
Netherlands are not available a series of 
neuropsychologie tests, so far only for 
mildly retarded persons (IQ, =50), and a 
recently developed dementia questionnaire 
both are in a phase of evaluation at the mo- 
ment. Therefore, diagnostic information 
was obtained in a nonstandardized, clinical 
way and was based on careful observations 
in daily circumstances by the nursing staff, 
comparing former and actual levels of func- 
tioning of the individual patient. 

Two or more nurses together were inter- 
viewed at least two times each year with 
regard to each patient's mood or behavior, 


Social interaction, recent and remote mem- 
ory, temporal and spatial orientation, self- 
help skills, vocational and housekeeping 
skills, other activities, speech, gait, conti- 
nence, myoclonic jerks, and epileptic sei- 
zures. Further diagnostic evaluation in- 
cluded repeated medical examinations, 
neurologic examinations, and laboratory 
evaluations. In the patients whose condi- 
tion had been deteriorating before institu- 
tionalization, retrospective information 
was obtained by taking a history from the 
family or former caregivers. If available, 
former reports and data of psychologic and 
medical assessments were reviewed. 

In the moderately retarded patients, de- 
mentia was diagnosed according to the cri- 
teria specified in the revised third edition of 
the Diagnostic amd Statistical Manual of 
Mental Disorders (DSM-III-R). Because of 
the lack of neuropsychologic tests, the cri- 
teria had to be modified (Table 1). Memory 
loss, disorientation, apraxia, and aphasia 
were diagnosed by observation in daily cir- 
cumstances. Since speech often had been 
poorly developed, aphasia usually could not 
be clearly defined, except for one patient 
who showed  word-finding difficulties. 
Therefore, only "speech disturbance" was 
scored, including a decrease of intelligibil- 
ity, inerease of repetitive stereotypes, and 
mutism. Apraxia was scored if, eg, the pa- 
tient no longer knew how to dress or how to 
use the toilet, with intact motor functions. 

In the five severely retarded patients, de- 
mentia was suspected in the presence of a 
gradually progressive failure in performing 
their usual activities of daily life but could 
not be diagnosed according to the modified 
DSM-III-R criteria, because memory and 
orientation could not be evaluated. Speech 
had hardly developed in four patients, and 
one patient had had lifelong urinary incon- 
tinence. 

If permitted by each patient's relatives, 
an autopsy, including a neuropathologic 
evaluation, was performed (ie, on 10 
patients). 


RESULTS 
Patients With DAT 


Dementia without evidence of cere- 
brovascular disease developed in 14 
patients (Table 2), ie, in 9 of the 12 
moderately patients and in all 5 of the 
severely retarded patients. The mean 
age at onset of dementia was 51.3 years 
in the moderately retarded patients 
(range, 46 to 57 years) and 52.6 years in 
the severely retarded patients (range, 
45 to 60 years); the mean age at death 
was, respectively, 56.2 (range, 51 to 63 
years) and 57.8 years (range, 50 to 65 
years) and the mean duration of 
symptoms was, respectively, 4.9 and 
5.2 years. 
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Although some of the behavioral 
changes in this series may have been 
eaused by a visual deficit in six pa- 
tients, by hypothyroidism in two pa- 
tients, and by cardiac decompensation 
in a patient with an atrial septal de- 


fect, these cannot be assumed to be the 
only cause of their progressive mental 
deterioration, with development of ep- 
ileptie symptoms or myoclonus in all of 
these patients. 

Autopsies were performed in seven 






Table 1.— Diagnostic Criteria for Dementia (Modified DSM-III-R) * 












Diagnostic Criteria 


Demonstrable evidence in short- and long-term memory (observed in daily circumstances) 
At least one of the following (observed in daily circumstances): 
Disturbance of spatial or temporal orientation 
Aphasia 
Apraxia 
Personality change 
The disturbance in the two above criteria significantly interferes with work or usual social activities or 
relationships with others 
Not occurring exclusively during the course of delirium 








* DSM-III-R indicates Diagnostic and Statistical Manual of Mental Disorders, revised, third edition.'* 


cases. In all cases, a neuropathologic 
examination showed many  neu- 
rofibrillary tangles and vast numbers 
of senile plaques in different develop- 
mental stages in the frontal, temporal, 
parietal, and occipital cortex and hip- 
pocampus, as well as amyloid angiop- 
athy of the arachnoidal and cortical 
blood vessels. The final diagnosis in 
this group of 14 patients was DAT. 
Table 3 shows the moment of onset 
of symptoms in relation to the onset of 
dementia in these 14 patients. Early 
symptoms of dementia, presenting in 
the first year of the disease, consisted 
mainly of apathy and withdrawalfrom 
social interactions, daytime sleepi- 
ness, and losses of self-help skills. 
The severely retarded patients often 


Table 2.— Clinical Features in 17 Patients With DS Who Died at 40 Years of Age and Older* 

























































































Duration Self- 
Age at Age at of Changes help 
Patient/^ Karyo- Onset, Death, Symptoms, of Mood Skills Memory Speech Gait 
Sex type y y y or Behavior Losses Loss Disorientation Deterioration Apraxia Deterioration 
Moderately Retarded Patients With Dementia 
1/F ? 47 53 6 + + + $ + ? $ 
2/M 9. 57 63 6 + + + + + + + 
^ 
3/M ii 50 57 + + + Eg + ? + 
4/M T21 46 52 + + + + + ? + 
5/F T21 54 59 5 Pe + + + - + - 
6/M T21 55 58 3 + $ + + + + + 
7IF ? 50 54 4 * + + + * a :E 
8/F ? 48 51 3 + + + + + + + 
9/F T21 55 59 4 + + + + + + + 
Severely Retarded Patients With Dementia 
10/F ? 45 50 5 + + NR NR NAP ? * 
11/F T21 60 65 5 Ui + NR NR Eu i + 
12/M ? 53 56 3 + + NR NR NAP + + 
13/M ? 54 58 4 + + NR NR NAP ? + 
14/F T21 51 60 9 * + NR NR NAP ? + 
Patients With Dementia and Cerebrovascular Disease 
15/F 63 66 3 A + ar d + + + 
Patients Without Dementia 

16/F T21 48 49 1.5 + - = $a = = — 
17/M ? 49 50 1.5 + s m = oa = -— 



































* DS indicates Down's syndrome; T21 trisomy 21, nondisjunction; NA, no abnormalities; NAP, not applicable; NR, not recognizable; and question mark, not assessed. 
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presented with gait deterioration, myo- 
clonus, or epileptic seizures as early 
symptoms. The disturbance of recent 
memory was recognized during the 
first year in three of the nine moder- 
ately retarded patients. Remote mem- 
ory loss, spatial and temporal disori- 
entation and apraxia usually were ob- 
served in the moderately retarded 
patients during the second or third 
year of dementia. These could not be 
recognized in the severely retarded 
patients. 

Deterioration of speech occurred in 
9 of the 10 patients in whom speech had 
developed, ie, in 6 of these 9 patients 
during the first 2 years of dementia. In 
1 patient with word-finding difficul- 
ties, aphasia could be diagnosed. 


Gait deterioration, including un- 
steadiness and a broad-based gait, oc- 
curred in 13 of the 14 patients. In this 
group, 3 patients showed a severe vi- 
sual deficit, and 2 patients showed a 
moderate visual deficit. The gait disor- 
der developed within the first 2 years 
after the onset of dementia in 9 pa- 
tients. 

Muscle hypertonia developed in 
eight of the patients with gait impair- 
ment, but usually several years later; 
in one patient, muscle hypertonia fi- 
nally developed into clear-cut spastic 
paraparesis. 

In one patient, extensor plantar re- 
sponses were demonstrated. Ten pa- 
tients eventually were not able to 
stand or walk at all, on the average, 2 
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Urinary Epileptic Neurologic Additional 
Incontinence Seizures Myoclonus Autopsy Symptoms Diagnoses 

+ + + + NA Surgically treated 
breast cancer 

+ + + + Terminal rigidity Moderate hypothy- 
roidism, moderate 
visual deficit 

+ = t x NA ? 

+ + + + Extensor plantar y 

responses, 
terminal 
rigidity 

T T "p 35 Terminal ? 

rigidity 

+ + + E NA Moderate visual 
deficit 

+ = + - Rigidity Severe visual 
deficit 

AT a + = Rigidity ? 

"m i 5 = NA Atrial septal defect 
and cardiac 
decompensation 

" d +, + + Muscle Severe visual 
ad hypertonia deficit 

+ + - + NA ? 

= + + = NA ? 

NAP + + - Muscle hypertonia, Severe visual 
spastic deficit (blind) 
paraparesis 

+ + ote = Terminal rigidity Severe hypothy- 
roidism 

T. + s * Hemiparesis Severe visual 
deficit, strokes 

xj - ou a NA Metastasized 
cancer 
of stomach 

+ ze - W NA Severe visual 


deficit, severe 
hypothyroidism, 
anemia due to 
myelodysplasia 


years before death (range, 3 months to 
4.5 years). 

Generalized tonic-clonic epileptic 
seizures developed in six of the moder- 
ately retarded patients and in all of the 
severely retarded patients. This oc- 
curred usually in the later stages of the 
dementia process in the moderately 
retarded patients, but it occurred in all 
the severely retarded patients within 
the first 2 years (Table 3). 

Myoclonus usually started as occa- 
sional isolated muscle contractions 
that later developed into a series of re- 
peated muscle contractions, often 
early in the morning or during nursing 
care. Myoclonus developed in eight 
moderately retarded patients; in 6 of 
them, myoclonus developed more than 
2 years after the onset of dementia. In 
the severely retarded group, this oc- 
curred in four patients, with onset in 
the first 2 years of dementia in all . 
cases. 

Generalized seizures, as well as the 
isolated myoclonic jerks, responded 
well to antiepileptic drug treatment 
(ie, phenytoin sodium, carbamazepine, 
and valproate sodium) in contrast to 
the serial myoclonus. Antiepileptic 
drugs often caused marked lethargy, 
even at blood levels in the lower ther- 
apeutic range. 

The cause of death, confirmed at au- 
topsy, was respiratory tract infection 
in four patients and pulmonary embo- 
lus in one patient. In two patients, at 
autopsy, no definite cause of death 
could be established. In the cases in 
which autopsies were not performed, 
death was attributed to respiratory 
tract infection in four patients, un- 
specified infection in one patient, and 
cardiac decompensation in the patient 
with an atrial septal defect. One pa- 
tient died suddenly of an unknown 
cause. 


A Patient With Dementia and 
Cerebrovascular Disease 


In a moderately retarded patient, 
dementia gradually developed from 
the age of 63 years (Table 2). During 
the dementia process, an acute hemi- 
paresis developed without diagnostic 
signs on an electroencephalogram and 
computed tomographic scan of the 
brain. Apart from the slowly progres- 
sive deterioration, episodes of confu- 
sion occurred during days or weeks, 
with a temporary increase of memory 
loss, disorientation, losses of self-help 
skills, and incontinence. 

Two years after the onset of demen- 
tia, myoclonic jerks and generalized 
tonic-clonic seizures developed in this 
patient; she died afterward of a stroke. 
At autopsy, death was attributed to a 
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Table 3.— Moment of Onset of Clinical Symptoms in Relation to Onset of Dementia in 


Nine Moderately Retarded and Five Severely Retarded Patients With DS* 


No. of Patients Affected 
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During the Total 
During the During the 3rd y of DAT No. of Patients 
Manifestations isty of DAT 2nd y of DAT or Later Affected 
Moderately retarded patients (n — 9) 
Behavioral 
Apathy, withdrawal 8 0 [*] 8 
Irritability, aggression 2 2 3 7 
Daytime sleepiness 4 3 1 8 
Disturbed night sleep 2 2 1 5 
Self-help skills losses 4 4 1 9 
Cognitive 
Recent memory loss 3 4 2 9 
Remote memory loss 0 2 7 9 
Temporal disorientation 1 2 6 9 
Spatial disorientation ] 4 4 9 
“Neurologic” 
Speech deterioration 3 2 3 8 
Apraxia 0 3 2 5 
Gait deterioration 2 2 4 8 
Urinary incontinence 1 1 7 9 
Muscle hypertonia 0 1 4 5 
Myoclonus 0 2 6 8 
Epileptic seizures o 1 5 6 
Chairridden or bedridden 0 0 5 5 
Severely retarded patients (n — 5) 
Behavioral 
Apathy, withdrawal 5 0 0 5 
Irritability, aggression 1 1 0 2 
Daytime sleepiness 3 1 0 4 
Disturbed night sleep 1 1 1 3 
Self-help skills losses 5 0 0 5 
“Neurologic” 
Speech deterioration ie} 1 0 1 
(4 times NAP) (4 times NAP) 
Apraxia 1 0 1 2 
Gait deterioration 4 1 0 5 
Urinary incontinence 2 1 1 4 
(1 time NAP) (1 time NAP) 
Muscle hypertonia 1 1 1 3 
Myoclonus 3 1 [6] 4 
Epileptic seizures 1 0 








Chairridden or bedridden 


* Follow-up was done from the onset of dementia until death. DS indicates Down's syndrome; DAT, dementia 


of the Alzheimer’s type; and NAP, not applicable. 


combination of cerebral infarction, 
pneumonia, and pulmonary embolus. 
On neuropathologic evaluation, sev- 
eral old and fresh infarctions were 
demonstrated, in addition to many se- 
nile plaques and neurofibrillary tan- 
gles in the cerebral cortex and cere- 
brovascular amyloid deposition. Be- 
cause dementia in this patient could be 
attributed to Alzheimer-type abnor- 
malities, to cerebrovascular disease, or 
to a combination of the two, this pa- 
tient was not included in Table 3 and in 
the description of the natural history 
of DAT in patients with DS. 


Patients Without a Diagnosis of 
Dementia 


Two moderately retarded patients 
did not meet the modified DMS-III-R 
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criteria for dementia, although they 
both showed a loss of vitality and 
activity and urinary incontinence from 
1 to 2 years before death (Table 2). 
These two patients died at the ages of 
49 and 50 years of metastasized cancer 
of the stomach and of severe anemia, 
due to myelodysplasia, respectively. 

In the second patient shortly before 
death, a severe hypothyroidism had 
been diagnosed biochemically, which 
had not caused clinical symptoms. In 
both of these cases, autopsies were 
performed, and qualitative neuro- 
pathologic examinations showed the 
same type of changes observed in the 
demented patients. 


COMMENT 


Mental retardation is an obstacle for 
the early diagnosis of dementia, al- 


though behavioral changes may be no- 
ticed by the family or caregivers in an 
early stage. However, the loss of cog- 
nitive function often is not recognized 
until an advanced stage of the disease. 
This study shows that it is feasible to 
achieve a clinical diagnosis of demen- 
tia in patients with DS by careful ob- 
servations in daily life, with a compar- 
ison of former and actual levels of 
psychosocial functioning. Dementia 
was diagnosed according to the modi- 
fied DSM-III-R criteria in the moder- 
ately retarded patients. 

Their cognitive and behavioral de- 
cline corresponded to the symptoms of 
DAT in patients without DS. The fact 
that, in only three of nine moderately 
retarded patients, the impairment of 
recent memory was recognized during 
the first year of the disease, is proba- 
bly because a majority of the patients 
were institutionalized after the first 
period of deterioration. Initial obser- 
vations by the family or in sheltered 
homes often had been incomplete. In 
the Netherlands, neuropsychologic 
methods to detect a cognitive function 
loss, evaluated for mentally retarded 
persons, are not yet available. By the 
use of standardized neuropsychologic 
tests, Wisniewski and coworkers,” 
however, could establish visual mem- 
ory loss and impairment of learning 
capacity in an early stage of dementia 
in five of seven “severely retarded” pa- 
tients with DS. 

In the differential diagnosis, partic- 
ularly the role of visual impairment, 
hearing loss, and hypothyroidism in 
the development of mental dysfunc- 
tion has to be evaluated. As opposed to 
visual impairment, hearing loss in 
mentally retarded persons often is not 
recognized in daily circumstances. 
Since patients with DS are prone to a 
wide variety of hearing difficulties,'*!° 
audiologic assessment, although not 
routinely performed in the present se- 
ries, should be included in the analysis 
of speech disturbance and mental dys- 
function. 

The results of this study confirm 
that the onset of dementia in patients 
with DS occurs 10 to 15 years earlier 
than DAT in patients without DS,” 
with a rapidly progressive course. It 
has been suggested that, on account of 
the late recognition of symptoms in 
mentally retarded persons, the course 
of dementia in patients with DS might 
be only apparently rapid." However, 
Wisniewski et al,? using sophisticated 
neuropsychologic methods for early 
diagnosis, established a duration of 
dementia in their study of seven pa- 
tients with DS, comparable with our 
findings. 


Down's Syndrome—Evenhuis 


n 


This rapidly progressive course 
therefore probably is characteristic of 
dementia in DS. 

Gait deterioration without other 
consistent neurologie signs was a com- 
mon early finding in this series of pa- 
tients with DS. Although a compara- 
ble longitudinal follow-up study in pa- 
tients without DS does not seem to 
have been published, a high incidence 
of gait deterioration also has been re- 
ported in DAT in patients without DS, 
not confined to severe dementia." 
Therefore, it is not clear whether or 
not gait deterioration is more pro- 
nounced in DAT in patients with DS. 
In the present study, gait impairment 
developed in 7 of 13 patients with DAT 
without visual loss. In these patients, 
gait deterioration was attributed to 
the brain changes that occur in Alz- 
heimer-type dementia. 

In five patients, gait deterioration 
was combined with moderate or severe 
visual loss. In these cases, it could not 
be established to what degree visual 
deficit and dementia, respectively, con- 
tributed to the gait deterioration. 

In the present study, dementia in 
patients with DS was complicated by 
epileptic seizures in 11 (78% ) of 14 pa- 
tients and by myoclonus in 12 (85% ) of 
14 patients. Lott and Lai" reported 
generalized seizures in 9 of 15 de- 
mented patients with DS, but their 
follow-up was not continued until 
death. In the study of Wisniewski et 
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al,” seizures developed in an advanced 
stage of dementia in 6 of 7 patients 
with DS. Veall? reported an increasing 
prevalence of late-onset epilepsy in 
patients with DS aged older than 45 
years, but did not investigate symp- 
toms of dementia. To my knowledge, 
no studies have been published about 
late-onset epilepsy in nondemented 
patients with DS. Therefore, the de- 
velopment of late-onset epilepsy in 
middle-aged patients with DS seems to 
be strongly suggestive for dementia; 
the same does apply for myoclonus. 

Incidences of seizures and myoclo- 
nus in patients with DS eontrast to 
those reported in patients without DS 
with DAT: in a review of case histories 
of patients with neuropathologically 
evaluated DAT, Hauser et al?! found an 
incidence of 10% generalized epileptic 
seizures and 10% myoclonus. 

A deterioration of speech occurred, 
often during the first years of demen- 
tia, in eight of nine patients with DS in 
whom speech had developed. Whether 
speech impairment was based on apha- 
sia, dysarthria, or unrecognized hear- 
ing loss was not investigated. 

In this study, at neuropathologic ex- 
amination, both in the brains of the 
demented patients, as well as those of 
the nondemented patients, vast num- 
bers of senile plaques, neurofibrillary 
tangles, and a congophilic angiopathy 
were observed. The number and dis- 
tribution of these structures was iden- 
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Myotonia Fluctuans 


Kenneth Ricker, MD; Frank Lehmann-Horn, MD; Richard T. Moxley III, MD 


€ Autosomal-dominantly inherited non- 
dystrophic myotonic disorders are an in- 
teresting group of muscle diseases that 
provide considerable opportunity for fu- 
ture molecular genetic studies to identify 
the genes responsible for specific mem- 
brane functions. A family with such a my- 
otonic disorder is described with features 
that are distinctly different from myotonia 
congenita and paramyotonia congenita. 
Five members were affected in three gen- 
erations. The myotonia fluctuated to an 
unusual degree. It did not worsen with cold 
but increased markedly with potassium 
loading. Muscle weakness never oc- 
curred. Analysis of the contraction force 
of the flexor digitorum muscle showed a 
unique type of myotonia, namely, exer- 
cise-induced delayed-onset myotonia. Mi- 
croelectrode studies done on one muscle 
biopsy specimen revealed a normal chlo- 
ride conductance of the muscle fiber mem- 
brane. 

(Arch Neurol. 1990;47:268-272) 


n 1977, Becker! raised the possibility 

that there might be considerable 
heterogeneity for the autosomal-dom- 
inant nondystrophic myotonic disor- 
ders. The classic myotonic diseases of 
this type are myotonia congenita of 
Thomsen and paramyotonia congeni- 
ta. It is now well established that both 
of these disorders are distinct diseases 
with specific clinical and electrophysi- 
ologic abnormalities. The gene lesion 
responsible for each of these diseases 
has not yet been discovered. However, 
in myotonia congenita there is a de- 
crease in chloride conductance of the 
-muscle fiber membrafe,; while in 
paramyotonia congenita there is an 
increased conductance of sodium fol- 
lowing exposure to cold.** Another au- 
tosomal dominant "disérder that in 
some families produced mild signs of 
myotonia is hyperkalemic periodic pa- 
ralysis (adynamia episodica). The dis- 
tinction between paramyotonia con- 
genita and hyperkalemic periodic pa- 
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ralysis is less certain and there 
continues to be a discussion as to the 
best means to separate these two 
disorders.’ Regarding myotonia con- 
genita and paramyotonia congenita, it 
has been suggested that there might be 
additional autosomal-dominant disor- 
ders with different clinical and elec- 
trophysiologic characteristics.' We de- 
scribe a family with such a type of dis- 
order. Characteristically, there was an 
unusual fluctuation in severity of the 
myotonia, and for this reason the dis- 
order has been named “myotonia fluc- 
tuans." To identify the specific differ- 
ences, patients with myotonia congen- 
ita and paramyotonia congenita have 
been included in the report for com- 
parison. 


REPORT OF CASES 
Myotonia Fluctuans (Fig 1, Top Left) 


Case III-3.—A 22-year-old man had occa- 
sionally experienced stiffness in his legs 
during prolonged jogging during the previ- 
ous several years. On a few occasions the 
stiffness had caused him to stumble and 
fall. Most of the time he had no difficulty 
performing this amount of exercise. On one 
occasion he had swum vigorously for some 
while and had no symptoms. He laid in the 
sun to relax for about 20 minutes, and was 
then unable to arise due to generalized 
muscle stiffness. After some minutes while 
he struggled to get up, the stiffness gradu- 
ally disappeared and he had no weakness. 

Over a period of several months the 
patient would have 2 or 3 days during which 
he would experience the following symp- 
toms. He would have momentary stiffness 
of the sternocleidomastoid muscle when he 
turned his head rapidly. Muscle stiffness 
would occur following forceful biting or 
chewing, and for an instant he would be 
unable to open his mouth. I? he wanted to 
turn his eyes rapidly to the side, he would 
have a momentary lag in the movement. He 
also observed transient stiffness in his legs 
or arms. During the intervening time he 
would remain free of symptoms. 

The patient had well-developed muscula- 
ture without signs of hypertrophy or atro- 
phy. He had a lid lag and had paradoxical 
eyelid myotonia after repeated forceful eye 
closure. He had slight thenar myotonia fol- 
lowing percussion, but there was no grip 
myotonia. He could arise with normal speed 
from a squat and there was no evidence of 
myotonia in the legs. Results of routine 
blood studies including measurement of 
electrolytes were normal. The creatine ki- 
nase level was normal (<80 U/L). Needle 
electromyographic (EMG) investigation 
was performed in the abductor policis 
brevis, flexor digitorum, and the right and 


left biceps muscles. All muscles demon- 
strated typical runs of myotonic dis- 
charges. Motor unit potentials appeared 
normal. 

Cooling of the right hand and forearm 
(see “Special Investigations" section) did 
not produce clinical stiffness or weakness. 
Following ingestion of 120 mmol of potas- 
sium, severe generalized myotonic stiffness 
developed over a period of 20 minutes. The 
patient was unable to rise from the chair. 
There was no weakness. The serum potas- 
sium level was 5.4 mmol/L at the peak of the 
symptoms. Biopsy of the biceps muscle re- 
vealed no abnormalities on histochemical 
examination. Electron microscopic study 
showed a few subsarcolemmal vacuoles be- 
lieved to represent a nonspecific enlarge- 
ment of the tubular system. 

Case III-2.— A 23-year-old man had, for 4 
to 5 years, noticed on several occasions 
stiffness in his hands and legs that was un- 
related to changes in temperature. Some- 
times his eyes would be difficult to open. 
Once during a track meet he had attempted 
to run a 50-m dash, and, after taking some 
steps, became too stiff to complete the race. 
He had spent most of one summer day 
working to repair a tread on a tank. In the 
afternoon he developed marked flexion of 
his fingers due to stiffness and felt that he 
could not release the heavy hammer that he 
was using. His trunk and legs were also 
stiff. Usually, the patient made long trips by 
bicycle and had no muscle stiffness. 

He had no hypertrophy or atrophy of his 
muscles. On the initial assessment there 
was no lid lag or grip myotonia. A mild 
paradoxical myotonia developed with force- 
ful eye closure. On a subsequent examina- 
tion 5 months later there was pronounced 
lid lag and a definite grip myotonia. 

Results of routine blood studies were 
normal. The creatine kinase level was 258 
U/L and 266 U/L on repeated measure- 
ment. An EMG of the hypothenar and 
flexor digitorum muscles revealed myotonic 
runs. 

The patient did not develop stiffness and 
weakness after local cooling. After inges- 
tion of 80 mmol of potassium he developed 
generalized myotonic stiffness and required 
12 seconds to climb nine steps. Before po- 
tassium ingestion he needed 3 seconds, 
which is normal. 

Case III-1.—4A 26-year-old man could not 
recall having any neuromuscular symp- 
toms. His muscles had a normal appear- 
ance. There was a lid lag. There was no par- 
adoxical myotonia following forceful eye 
closure, and no grip myotonia. The EMG of 
the hypothenar muscles revealed myotonic 
runs. 

Case II-1.—4A 58-year-old woman re- 
called that on several occasions while load- 
ing hay on a wagon with a pitchfork, she 
developed stiffness in her fingers, arms, and 
sometimes in her legs. During one of her 
pregnancies she stumbled and fell, and 
subsequently for several minutes was un- 
able to arise because of generalized muscle 
stiffness. 

She had normal muscle strength and de- 
velopment. There was no lid lag or grip my- 
otonia. After forcefully closing her eyes 
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Fig 1.—Top left, Family tree of the patients with myotonia fluctuans. Bottom, Myotonia congenita 


kindred of Dr Asmus Thomsen (IV-4). Top right, Paramyotonia congenita. The numbering in the 
bottom and top right corresponds to the complete family trees published by Becker." Arrows in- 


dicate propositi. 
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Fig 2.—Recording of the maximum isometric contraction of the flexor digitorum muscle in patient 
lll-3 with myotonia fluctuans. Upper cross marks 90%; and lower cross, 10% of the average max- 
imum force. The time required for the force to decline from 90% to 10% was measured as relax- 
ation time. Left, Baseline conditions, with normal relaxation time. Right, Severe myotonia, with re- 


laxation time highly prolonged. 


three times she could open them only 
slowly. The EMG of the hypothenar mus- 
cles showed myotonic runs. 

Case I-1.—An 86-year-old woman was in 
good medical health except for a memory 
disturbance. Other family members could 
not recall her complaining of any neuro- 
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muscular symptoms. She had no muscle 
weakness or myotonic signs. However, the 
EMG of the hypothenar muscles showed 
typical myotonic discharges. 

The husband and the sister (II-2) of 
patient II-1 had electromyographic studies 
of the hypothenar muscles and there were 


no myotonic discharges. There was no his- 
tory of cataracts in any of the members of 
the family. 


Myotonia Congenita 
(Thomsen's Disease) 


Case VIII-1.—4A 43-year-old man was a 
member of the original Thomsen's disease 
kindred (Fig 1, bottom). The pedigree has 
been discussed previously."* He had a his- 
tory of generalized myotonia, the degree of 
which had remained constant throughout 
his life. For example, after sitting at his 
desk, it took a few moments of effort for him 
to rise. He was then able to move normally. 
The severity of his myotonia had not varied 
with temperature. He had participated in 
Sports, such as soccer. 

He had well-developed muscles, a lid lag, 
and grip myotonia, which disappeared after 
two repeated contractions. His creatine ki- 
nase level was 60 U/L. The EMG of the 
flexor digitorum showed myotonic runs. 
The history and findings were similar for 
the patient's sister (VIII-2). However, his 
9-year-old son (IX-1) had much more severe 
myotonia. After resting for 15 minutes, the 
son required 16 seconds to climb nine steps, 
whereas his father (VIII-1) needed 5.5 sec- 
onds. 


Paramyotonia Congenita 


Case VI-11a (Fig 1, Top Right).—A 20- 
year-old man had the classic form of the 
disease, and his family has been described 
in detail by Becker.* Since early child- 
hood he had developed stiffness of the face 
or fingers following exposure to the cold. If 
he exercised his forearm muscles when they 
were stiff due to exposure to the cold, they 
would become very weak. It would take sev- 
eral hours to recover strength. In a warm 
environment he was free of symptoms. He 
never had any weakness in the absence of 
exposure to the cold. 

The patient had well-developed muscles. 
There was mild lid lag and paradoxical my- 
otonia following several forceful eye clo- 
sures but no grip myotonia. He required 3.2 
seconds to climb nine steps. His creatine 
kinase level was 110 U/L. The EMG of the 
flexor digitorum muscle showed myotonic 
runs. 


SPECIAL INVESTIGATIONS 
Recording Isometric Muscle 
Strength and Electromyographic 
Activity From the Flexor 
Digitorum Profundus Muscle 


The forearm and hand of the patient were 
placed in supination with the fingers flexed 
so that the distal phalanges were in touch 
with the force transducer. The forearm and 
hand were fixed in such a way to allow 
muscle contraction under isometric condi- 
tions. Two wire electrodes were placed in 
the flexor digitorum muscle 10 mm apart to 
record EMG activity. Each patient was in- 
structed to make a maximum voluntary 
contraction and to maintain this effort for 
2 seconds. The protocol for "exercise" con- 
sisted of maximum contraction for 60 sec- 
onds, interrupted by two 10-second rests. 
The equipment allowed the recording to be 
carried out in a water bath. The forearm 
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Fig 4.—Maximum contraction force (top) and 
relaxation time (bottom) of the flexor digitorum 
muscle in patient Ill-2 with myotonia fluctuans. 
A indicates two contractions at a 15-second 
interval at baseline conditions; B, completion of 
exercise and 15 seconds later; C, 2 minutes 

Fig 5.—Diagram according to Fig 4 showing local muscle cooling of the forearm. Arrows indicate later; D, 7 minutes later; E, 14 minutes later; 
completion of exercise of the cooled muscle. For myotonia congenita (MC; patient VIII- 1), A indi- and F, 20 minutes later. 

cates two contractions at room temperature; B, after 30 minutes of cooling; C, completion of ex- 

ercise and 1 minute later; and D, after 10 minutes. For paramyotonia congenita (PC; patient VI- 

11a), A indicates room temperature; B, after 15 and after 30 minutes of cooling; C, completion 

of exercise; D, after 10 minutes; and E, 2 hours later. For myotonia fluctuans (MF), at left (patient 

Ill-2), A indicates room temperature; B, after 30 minutes of cooling; C, completion of exercise; D, 

2 minutes later; and E, 10 minutes later. At right (patient Ill-3), A indicates room temperature; B, 

after 30 minutes of cooling; C, completion of exercise; D, After 1 minute, 4 minutes, and 5 min- 

utes; and E, after 10 minutes. 











Fig 3.—Recording of electromyography (top) and contraction force (bottom) of the flexor digito- 
rum muscle in patient IIl-2 with myotonia fluctuans. Time scale in seconds. Left, Completion of ex- 
ercise; middle, 2 minutes later, and right, 10 minutes later. There is delayed onset of electrical and 
mechanical myotonia after exercise. 
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Fig 6.— Diagram according to Fig 4 showing potassium loading in myotonia fluctuans. At left (pa- 
tient Ill-3), A indicates serum potassium concentration of 3.6 mmol/L (two contractions at a 15- 
second interval); B, potassium level of 5.6 mmol/L (three contractions within 20 seconds); C, 20 
minutes later; and D, 32 minutes later. At right (patient III-2), A indicates potassium level of 3.9 
mmol/L (two muscle contractions); B, potassium level of 5. 1 mmol/L; C, completion of exercise 
(arrow) and 15 seconds later; D, after 2 minutes; and E, after 7 minutes. 


muscles were cooled with water at 14?C to 
15°C for 30 minutes. 


Quantitation of 
Mechanical Myotonia 


The recordings of muscle contraction 
were analyzed by a computerized technique. 
Relaxation time (which equals mechanical 
myotonia) was measured as the time re- 
quired for the force to decline from 90% to 
1075 of the average maximum force of a 
contraction (Fig 2). 


In Vitro Investigations 


Patient III-3 gave informed consent to a 
muscle biopsy. A specimen of the biceps 
brachii was excised under local anesthesia 
and kept at 37°C in gassed solution.” The 
solution contained 1 umol of tetrodotoxin 
(TTX) to suppress spontaneous activity. 
The specimen was dissected into bundles of 
about 2 mm in diameter. Resting and action 
potentials were recorded by means of ca- 
pacity-compensated microelectrodes from 
resealed fiber segments.’ Voltage-clamp ex- 
periments were performed with three 
microelectrodes.‘ 
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RESULTS 
Mechanical and Electrical Myotonia 


Patients III-2 and III-3 with myoto- 
nia fluctuans displayed no abnormality 
in relaxation time in their baseline 
studies. Under certain conditions, elec- 
trical myotonic after-activity and me- 
chanical myotonia (whieh equals 
prolonged relaxation time) became 
prominent (Figs 3 and 4): a short con- 
traction performed 20 seconds after 
completion of exercise had a normal 
relaxation time. Two minutes later, 
when the contraction was repeated, 
there was a marked prolongation of 
the relaxation time. With further rest 
followed by another contraction, the 
relaxation time increased even more. 
This pattern of increasing prolonga- 
tion of relaxation time was termed 
“exercise-induced delayed-onset myo- 
tonia.” 

Effect of Cooling (Fig 5) 


In the two patients with myotonia 
fluctuans, the relaxation time showed 


no abnormality after cooling. After 
the completion of exercise the delayed- 
onset myotonia appeared in a similar 
pattern to normal temperature. 

The patient with myotonia congen- 
ita had no abnormality of his relax- 
ation time during cooling. In the pa- 
tient with paramyotonia congenita, 
the relaxation time became highly pro- 
longed. After cooling and exercise the 
paramyotonic muscle showed a severe 
and long-lasting weakness. Contrac- 
tion force decreased to approximately 
10%, compared with 100% force with 
normal muscle temperature. 

A peculiar form of abnormal spon- 
taneous EMG activity has been ob- 
served recently in paramyotonia con- 
genita during cooling.’ This spontane- 
ous muscle fiber activity resembles the 
pattern of dense fibrillation activity. 
This abnormal activity, as expected, 
was observed in the patient with 
paramyotonia congenita, but also in 
the two patients with myotonia fluc- 
tuans. 


Effect of Potassium (Fig 6) 


A severe increase in myotonia de- 
veloped in the two patients with myo- 
tonia fluctuans following the ingestion 
of potassium (see case reports). There 
was a pronounced prolongation of 
muscle relaxation time. Exercise of the 
flexor digitorum muscle normalized 
the relaxation time (Fig 6, right). How- 
ever, after 15 seconds of rest, the re- 
laxation time increased again. The ab- 
normality in the relaxation time per- 
sisted until the serum potassium 
concentration returned to baseline. 
There was no weakness of contraction 
force. 


In Vitro Investigations 


The mean resting membrane poten- 
tial of the resealed fiber segments was 
normal, measuring —80.0 + 6.0 mV 
(n = 20). Similar values have been 
measured in both intact intercostal 
muscle fibers’ and resealed fiber 
segments’ from normal subjects. 
When TTX was removed from the 
bathing solution, some fibers showed 
repetitive (myotonic) activity. 

The steady-state current-voltage re- 
lationships were similar to those of 
normal fibers. The mean membrane 
conductance value of the fibers was 280 
microsiemens/cm?, which is within the 
range for normal fibers.’ To determine 
the component conductances, the cur- 
rent-voltage relationships were re- 
corded in a chloride-free solution con- 
taining TTX. The remaining mem- 
brane conductance represents the 
potassium conductance, which in these 
fibers was 66 microsiemens/cm2. This 
value is within the range of a normal 
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potassium conductance. The caleu- 
lated resting chloride conductance of 
the membrane (214 microsiemens/ 
cm?) represents 76% of the membrane 
conductance, which is normal.’ 


COMMENT 


In contrast to the relatively consis- 
tent degree of myotonic stiffness ob- 
served in patients with myotonia con- 
genita, the patients with “myotonia 
fluctuans” experienced only occasional 
episodes of intermittent generalized 
myotonic stiffness. A few of these ep- 
isodes were of considerable severity. In 
addition to fluctuation, the type of my- 
otonia is different in myotonia fluctu- 
ans than in myotonia congenita. 
Becker, in his description of the 
Thomsen kindred, emphasized that a 
fluctuating course does not occur. It 
should be noted that the patient with 
myotonia congenita in our report is a 
direct descendent of Dr Asmus Thom- 
sen, who observed this type of myoto- 
nia in himself and his family. “Knowl- 
edge of the disease picture in this 
original kindred is a prerequisite for 
considering heterogeneity.” 

The essential characteristic of clas- 
sic paramyotonia congenita is the de- 
velopment of muscle stiffness with ex- 
posure to cold and the subsequent de- 
velopment of weakness following 
exercise in the cold.‘ The patients with 
myotonia fluctuans differed in two fun- 
damental ways from those with para- 
myotonia congenita. They did not de- 
velop an abnormality of muscle relax- 
ation time with cooling, and there was 
no decline in muscle contraction force 
after cooling and forearm exercise. 

Some patients with hyperkalemic 
periodic paralysis (adynamia episodi- 
ca) show mild signs of myotonia. They 
are very sensitive to potassium loading 
and develop attacks of generalized 
weakness. However, they do not show 
a significant prolongation of muscle 
relaxation time with elevated serum 
potassium concentration.” The pa- 
tients with myotonia fluctuans were 
also very sensitive to potassium chal- 
lenge, but they developed severe myo- 
tonic stiffness (which equals prolonga- 
tion of muscle relaxation time) with- 
out muscle weakness. These findings 
clearly differentiate myotonia fluctu- 
ans from hyperkalemic periodic paral- 
ysis. 

A distinct feature of myotonia fluc- 
tuans appears to be a phenomenon 
that might best be termed exercise-in- 
duced delayed-onset myotonia. The na- 
ture of this phenomenon can be appre- 
ciated by a comparison with the classic 
grip myotonia seen in Thomsen’s dis- 
ease. Patients with myotonia congen- 
ita consistently display grip myotonia. 
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This grip myotonia decreases follow- 
ing repeated muscle contractions, and 
gradually returns after 5 to 15 minutes 
of rest. The delayed-onset myotonia, 
however, is only brought about by ex- 
ercise. It does not appear immediately, 
but only with a certain delay after ex- 
ercise. During a variable period of 
time, after exercise, the muscle is in a 
state capable of producing myotonia. 

Exercise-induced delayed-onset my- 
otonia should not be confused with 
paradoxical myotonia. Paradoxical 
myotonia is frequently observed in pa- 
tients with paramyotonia congenita 
when the muscle has been cooled 
slightly. With repeated contractions at 
short intervals, the myotonia in- 
creases with each contraction (the 
muscle relaxation time is increasing). 
In the patient with myotonia fluctuans 
the muscle relaxation time at the com- 
pletion of exercise is normal, but after 
a delay of sometimes several minutes a 
single contraction might produce se- 
vere myotonia. 

As with other myotonic disorders, 
there is likely to be a defect in the 
muscle membrane that accounts for 
the symptoms in myotonia fluctuans. 
In myotonia congenita? and in autoso- 
mal recessive myotonia," there is a 
decrease in the conductance of chlo- 
ride. In the one patient with myotonia 
fluctuans studied so far, the chloride 
conductance was normal, and the spe- 
cific type of membrane defect is un- 
known. 

For unknown reasons, the patients 
with myotonia fluctuans have a 
marked sensitivity to potassium. With 
exercise there is a physiologic local 
rise in the extracellular concentration 
of potassium around the muscle 
fibers. However, exercise also 
causes a transient increase in intra- 
cellular hydrogen ion concentration, 
and this decrease in intracellular pH is 
known to exert a stabilizing effect on 
the muscle membrane.'^5 This might 
explain why these patients with myo- 
tonia fluctuans do not develop myoto- 
nia during exercise. Maybe some time 
after exercise the increase in extracel- 
lular potassium cannot be effectively 
counterbalanced by the intracellular 
pH, and a period of myotonia occurs. 
Furthermore, exercise stimulates the 
release of hormones locally in the tis- 
sue bed as well as provoking the re- 
lease of adrenergic hormones into the 
systemic circulation. The effects of 
these hormones may contribute in 
someunknown way to the phenomenon 
of exercise-induced delayed-onset my- 
otonia. It should be mentioned in this 
connection that fenoterol, an a-adren- 
ergie drug, is capable of severely in- 
creasing myotonia in some myotonic 
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patients. Future electrophysiologic 
muscle fiber studies and DNA analysis 
should clarify the mechanisms in my- 
otonia fluctuans in terms of the molec- 
ular membrane defect and the gene le- 
sion. 


This research was supported by the NP Gesell- 
schaft, Deutsche Gesellschaft Bekümpfung der 
Muskelkrankheiten, The Muscular Dystrophy As- 
sociation of America, the Waasdorp Foundation, 
US Publie Health Service Grant Rr-00044, and 
National Institutes of Health Grants DK-32884, 
AM-38193, and A R-38894. 

We wish to thank Manuela Koch, MD, for pro- 
viding us with an up-to-date pedigree of the 
Thomsen kindred, and Wilhelm Schulte-Mattler 
for designing the computer program used to ana- 
lyze the muscle contraction recordings. We would 
also like to thank Jean Ellinwood for typing the 
manuscript. 


References 


l. Becker PE. Myotonia Congenita and Syn- 
dromes Associated With Myotonia. Stuttgart, 
West Germany: Georg Thieme Verlag; 1977. 

2. Lipicky RJ, Bryant SH. A biophysical study 
of the human myotonia. In: Desmedt JE, ed. New 
Developments in Electromyography and Clinical 
Neurophysiology. New York, NY: S Karger AG; 
1973:451-463. 

3. Lehmann-Horn F, Rüdel R, Ricker K. Mem- 
brane defects in paramyotonia congenita (Eulen- 
burg). Muscle Nerve. 1987;10:633-641. 

4. Lehmann-Horn F, Rüdel R, Dengler R, Lork- 
ovic H, Haass A, Ricker R. Membrane defects in 
paramyotonia congenita with and without myo- 
tonia in a warm environment. Muscle Nerve. 
1981;4:396-406. 

5. Engel AG. Periodic paralysis. In: Engel AG, 
Banker BQ, eds. Myology. New York, NY: Mc- 
Graw-Hill International Book Co; 1986:1843-1870. 

6. Becker PE. Paramyotonia congenita (Eulen- 
burg). Stuttgart, West Germany: Georg Thieme 
Verlag; 1970. 

7. Lehmann-Horn F, Iaizzo PA. Resealed fiber 
segments for the study of the pathophysiology of 
human skeletal muscle. Muscle Nerve. In press. 

8. Haass A, Ricker K, Rüdel R, et al. Clinical 
study of paramyotonia congenita with and with- 
out myotonia in a warm environment. Muscle 
Nerve. 1981;4:388-395. 

9. Kwiecinski H, Lehmann-Horn F, Rüdel R. 
The resting parameters of human intercostal 
muscle at low, normal, and high extracellular po- 
tassium. Muscle Nerve. 1984;7:60-65. 

10. Ricker K, Rohkamm R, Bóhlen R. Ady- 
namia episodica and paralysis periodica paramy- 
otonica. Neurology. 1986;36:682-686. 

11. Rüdel R, Ricker K, Lehmann-Horn F. Tran- 
sient weakness and altered membrane character- 
istic in recessive generalized myotonia (Becker). 
Muscle Nerve. 1988;11:202-211. 

12. Hirche H, Schumacher E, Hagemann H. 
Extracellular K* concentration and K* balance of 
the gastrocnemius muscle of the dog during exer- 
cise. Pflugers Arch. 1980;387:231-237. 

13. Hnik P, Holas M, Krekule I, et al. Work-in- 
duced potassium changes in skeletal muscle and 
effluent venous blood assessed by liquid ion- 
exchanger microelectrodes. Pflugers Arch. 1976; 
362:85-94. 

14. Birnberger KL, Klepzig M. Influence of ex- 
tracellular potassium and intracellular pH on 
myotonia. J Neurol. 1979;222:23-25. 

15. Lehmann-Horn F, Kiither G, Ricker K, 
Grafe P, Ballanyi K, Riidel R. Adynamia episod- 
ica hereditaria with myotonia: a non-inactivating 
sodium current and the effect of extracellular pH. 
Muscle Nerve. 1987;10:363-374. 

16. Ricker K, Haass A, Glótzner F. Fenoterol 
precipitating myotonia in a minimally affected 
case of recessive myotonia congenita. J Neurol. 
1978;219:279-282. 


Myotonia Fluctuans—Ricker et al 


Centronuclear Myopathy and 
Type-1 Hypotrophy Without Central Nuclei 


Distinct Nosologic Entities? 


Warren D. Lo, MD; Richard J. Barohn, MD; Rosalind J. Bobulski, MD; John Kean, MD; Jerry R. Mendell, MD 


* Four infants presented with severe 
hypotonia, weakness, and hypoventilation 
or apnea at birth. Their clinical presenta- 
tions and courses resembled those of the 
X-linked recessive form of centronuclear 
myopathy. Histologic examination of their 
muscle biopsy specimens showed pat- 
terns ranging between centronuclear my- 
opathy and type-1 hypotrophy without 
central nuclei. Regardless of their gender 
or the appearance of their biopsy speci- 
mens, the children all had a poor outcome. 
The clinical and biopsy findings in these 
infants suggest that centronuclear myop- 
athy and type-1 hypotrophy without cen- 
tral nuclei do not represent distinct noso- 
logic entities. It seems more likely that the 
histologic changes represent abnormali- 
ties in fiber size distribution and develop- 
ment, which are nonspecific and which re- 
flect a primary defect at one or more sites 
in the neuraxis. 

(Arch Neurol. 1990;47:273-276) 


he classification of congenital my- 
opathies has been based largely on 
the histologic appearance of the dis- 
eased muscle. The limitations of this 
approach have become apparent as the 
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molecular bases of certain muscle dis- 
orders unfold. These limitations are 
well illustrated in Duchenne and Beck- 
er's dystrophy, in which defects within 
the same gene, at close if not identical 
sites, can result in vastly different 
phenotypes.! 

Such knowledge prompted us to re- 
port our experience with four children 
in whom the apparent heterogeneity of 
muscle biopsy findings suggested a 
separation of nosologic entities that 
may not be justified. Two patients had 
typical biopsy features of centronu- 
clear myopathy,” considered to be one 
nosologic entity, while two others had 
only type-l fiber smallness without 
central nuclei (type-1 fiber hypertro- 
phy without central nuclei), consid- 
ered by some to be another nosologic 
entity.”* The latter findings have been 
associated with a variety of conditions, 
including some with a favorable 
outcome."^ While the histologic ap- 
pearances might suggest differing de- 
grees of disease severity, the patients 
were affected to the same extent with 
ophthalmoplegia, ptosis, hypotonia 
and diffuse weakness, hypoventilation 
or apnea at birth, and uniformly poor 
prognosis. These clinical findings dem- 
onstrate the limitations of nosology 
based solely on histologic findings. 


REPORT OF CASES 


Case 1.—A white boy was born at 33 
weeks' gestation by a precipitous vaginal 
delivery. The pregnancy had been compli- 
cated by polyhydramnios. He was intubated 
and resuscitated because of apnea at birth. 

There was no family history of neuro- 
muscular disease. The mother and father 
were thought to be normal on cursory 
inspection. 


The physical examination results were 
abnormal because of a triangular face, 
down-slanting palpebral fissures, a high 
arched palate, and scaphocephaly. The neu- 
rologic examination disclosed hypotonia, 
apnea, ptosis, poor suck, poor gag, dimin- 
ished muscle mass, little spontaneous 
movement, and areflexia. 

Electromyography (EMG) at age 3 
months detected polyphasic waves and 
small motor unit action potentials. A pero- 
neal motor nerve conduction velocity was 
normal. A muscle biopsy was performed 
soon after the EMG (the biopsy findings for 
this and other patients are discussed in the 
"Results" section). 

The child's clinical course was marked by 
weak respirations that required constant 
positive airway pressure to maintain oxy- 
genation. He was discharged at age 4 
months, still receiving nasogastric feedings 
and nasal constant positive airway pres- 
sure. Two months after discharge, the pa- 
tient suddenly died at home. No autopsy 
was performed. 

Case 2.—An Asian boy was born at 32 
weeks' gestation to a mother who had had 
three miscarriages. The delivery was com- 
plicated by rapid acceleration of the second 
stage and terminal fetal bradycardia. The 
child was intubated and resuscitated at 
birth because of apnea. 

The family history was remarkable for 
both the mother's multiple miscarriages 
and the apparent similar involvement of 
the patient's younger brother. The brother 
presented with the identical clinical picture 
of hypotonia, apnea at birth, and weakness. 
The parents did not allow a biopsy of the 
younger son. No abnormality was detected 
on clinical examination of the mother and 
father. A biopsy of the mother's quadrator 
femoris showed normal muscle. 

The physical examination results at birth 
were abnormal because of a pectus excava- 
tum and flexion contractures of the hands 
and hips. The neurologic examination dis- 
closed severe hypotonia, limited ocular 
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movements, lack of spontaneous movement 
or respiration, diminished muscle mass, 
and diminished deep tendon reflexes. 

The postnatal course was complicated by 
an indirect hyperbilirubinemia, which re- 
quired exchange transfusion. At age 2 
months, the patient began making feeble 
respirations and movements of the extrem- 
ities. A tracheostomy and a gastrostomy 
were performed to assist ventilation and 
nutrition. 

An EMG at age 2 months showed positive 
sharp waves and fibrillation potentials in 
all muscle groups. The mother nerve con- 
duction velocities in the peroneal and me- 
dian nerves were normal. A muscle biopsy 
was performed at age 2 months. 

By age 2 years, the boy began to sustain 
respirations without mechanical assis- 
tance. He could move his extremities but 
could not sit upright. Gastrostomy feeding 
was continued because he continued to have 
difficulty swallowing. 

Case 3.—A black girl was born at 36 
weeks' gestation to a mother addicted to 
pentazocine and methylphenidate. In the 
34th and 35th week, the pregnancy was 
complicated by such severe polyhydram- 
nios that the mother developed respiratory 
insufficiency. She was treated with amnio- 
centesis, but the polyhydramnios and res- 
piratory compromise recurred. Premature 
cesarean section was deliberately per- 
formed to relieve the mother’s respiratory 
insufficiency. The infant was apneic and 
bradycardic at birth and had to be intu- 
bated immediately. The physical examina- 
tion disclosed mild hydropic changes, a left 
pneumothorax, and a right hydrothorax 
that was treated with thoracentesis. 

Little family history was available. The 
mother did not appear obviously abnormal 
when she was interviewed. 

The child showed few signs of movement 
during the first month of life; the lack of 
movement was initially attributed to severe 
birth asphyxia. At age 1 month, however, 
the infant remained motionless and hypo- 
tonic and had few spontaneous respira- 
tions. 

On neurologic examination, no ocular 
movements were present. The child had few 
spontaneous movements of the hands and 
feet and no spontaneous movements of the 
extremities or trunk, and the muscle bulk of 
the extremities and trunk was poor. Deep 
tendon reflexes could not be elicited. 

An EMG detected positive sharp waves 
and fibrillation potentials in all muscle 
groups tested. Motor nerve conduction ve- 
locities were normal. A muscle biopsy was 
performed at the sixth week of life. 

The patient showed no improvement in 
strength and continued to require mechan- 
ical ventilation. Tracheostomy and gas- 
trostomy tubes were inserted to facilitate 
ventilation and nutrition. At age 2 years, 
she only had faint movements of the hands 
and feet, and no movement of the arms, 
legs, trunk, face, and eyes. She was able to 
move her hands on command. 

Case 4.—A white girl was delivered at 
term by cesarean section because of a 
breech presentation. The Apgar scores were 
8 and 9 at 1 and 5 minutes, respectively, but 
soon after birth the infant developed hypo- 
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tonia, poor respirations, and increasing cy- 
anosis. The physical examination was re- 
markable for mierognathia, pectus excava- 
tum, a high arched palate, and hip 
contractures. The neurologic examination 
results were abnormal because of severe 
hypotonia, little facial movement, near to- 
tal immobility of the extremities, bilateral 
ptosis, external ophthalmoplegia, weak 
suck, an absent gag reflex, and unelicitable 
tendon reflexes. Bilateral duplication of the 
ureters was later detected by roentgenog- 
raphy. 

There was no family history of neuro- 
muscular disease. The parents appeared 
normal. 

The EMG showed a pattern of membrane 
irritability. Unfortunately, no description 
of the motor unit action potentials was 
provided. A muscle biopsy was performed 
at age 14 days. The subsequent clinical 
course was marked by respiratory insuffi- 
ciency, poor oral feedings, and congestive 
heart failure. The child was treated with a 
tracheostomy, artificial ventilation, and a 
feeding gastrostomy. She showed little im- 
provement, and required artificial ventila- 
tion until her death from Pseudomonas 
septicemia and a cardiac arrest at age 20 
months. 


MATERIALS AND METHODS 


Open biopsy of the quadriceps muscle 
was performed on all infants after parental 
consent was obtained. Tissue blocks were 
immediately frozen in 2-methylbutane 
cooled in liquid nitrogen, sectioned, and 
stained with modified trichrome, hematox- 
ylin-eosin, adenosine triphosphatase (pH 
9.4, 4.6, and 4.2), succinic dehydrogenase, 
nicotinamide adenine dinucleotide-tetra- 
zolium reductase, oil red O, periodic acid- 
Schiff, and phosphorylase as previously 
described. Tissue blocks for electron mi- 
croscopie examination were fixed in 3% 
glutaraldehyde in phosphate-buffered sa- 
line, osmicated in 1% osmium tetroxide, 
and dehydrated through serial alcohols. 
The blocks were embedded in low-viscosity 
medium (Spur, E Fullam, Latham, NY). 
The tissue was cut into l-um sections, 
stained with toluidine blue, and examined 
on an electron microscope (Zeiss 9; Carl 
Zeiss Inc, Thornwood, NY). 

Multiple fields were photographed of mi- 
croscopie slides that were stained for ade- 
nosine triphosphatase (pH 4.6). Minimum 
muscle fiber diameters were measured with 
a digitizing pad from magnified photo- 
graphs according to the method of Brooke 
and Dubowitz." We used a commercially 
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available morphometrics software pro- 
gram (Video Image Analysis System, Ted 
Pella, Tustin, Calif) to tabulate the data. 

Electron microscopy did not detect any 
findings beyond those detected on light mi- 
croscopy. 


RESULTS 


All four children were born prema- 
turely, weak, and hypotonic, and either 
were apneic at birth or required venti- 
latory assistance within the first days 
of life. All had ptosis and ophthal- 
moplegia. The EMGs showed mem- 
brane irritability with fibrillation po- 
tentials and positive sharp waves in all 
patients. Nerve conduction velocities 
were normal in all patients. 

There was no overt evidence of my- 
otonic dystrophy in these patients. 
There was a family history of a neuro- 
muscular disease only in patient 2. In 
that child, the mother’s multiple mis- 
carriages and the brother’s identical 
involvement suggested the diagnosis 
of the x-linked form of centronuclear 
myopathy.'*5 That diagnosis could not 
be substantiated by biopsy. The par- 
ents of patients 1 and 4 were available 
for inspection and examination; they 
had no overt evidence of muscle dis- 
ease. In case 3, only the mother was 
available for inspection; she did not 
appear to be affected. We encountered 
a fifth child, not described here, who 
had presented with hypotonia and 
poor sucking but without apnea. That 
child’s mother had obvious findings of 
myotonic dystrophy. 

All infants underwent muscle bi- 
opsy by age 3 months. The histologic 
findings are summarized in the Table. 
The minimum muscle fiber diameters 
were plotted vs the frequency of each 
diameter for each patient (Figs 1 
through 4). All infants had small type- 
1 fibers, and this fiber type predomi- 
nated in all the biopsy specimens. 
Type-2A fibers were usually normal in 
size, while type-2B fibers were inter- 
mediate. The major difference between 
the biopsy specimens was the presence 
of central nuclei in the muscle fibers of 
cases 1 and 2 with features typical for 
centronuclear myopathy.^* In case 1, 
the nuclei were predominantly in type- 









































* The percentage of muscle fibers containing central nuclei and the percentage of fiber types were determined 


Central Central Mean + SD Diameter, um 
Patient Nuclei, Nuclei Type 1, Type 2A, Type 2B, .———— — ——— ———— — ——— 
No. 96 in Type 1 96 9 96 Type 1 Type 2A Type 2B 
>50 Present 64 20 15 88+23 9.9 t 17 e 
50 Present 65 29 7 49+09 65+13 54+ 
3 10 Absent 54 24 21 46+14 80+17 64+ 
4 <10 Absent 35 41 25 6.9 + 3.0 13.8 + 4.5 9.2 + 





from hematoxylin-eosin- and adenosine triphosphatase-stained slides. The mean minimum fiber diameters were 
determined from slides stained for adenosine triphosphatase. 
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Figs 1 through 4.— Cases 1 through 4, respectively. Minimum fiber diameters were measured from the photographic prints 
of a high-power field from slides stained for adenosine triphosphatase (pH 4.6). The numbers of fibers with a given size 


were plotted vs the fiber diameters. 





` Fig 5.—Muscle biopsy specimen from patient 1, demonstrating the vari- 


ability of fiber sizes and abundant central nuclei (hematoxylin-eosin; bar 
indicates 10 um). 
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Fig 6.— Muscle biopsy specimen from patient 4, demonstrating the vari- 
ability of fiber sizes but no central nuclei (modified trichrome; bar indi- 
cates 10 um). 
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1 fibers (Fig 5), while in case 2 central 
nuclei were found in all three fiber 
types. Longitudinal sections revealed 
that at least 50% of fibers had chains 
of nuclei occupying a central position 
surrounded by a clear halo. Cases 3 and 
4 had no increase in central nuclei (Fig 
6), and the appearance of their biopsy 
specimens has been referred to as 
type-l hypotrophy without central 
nuclei." 


COMMENT 


The biopsy specimens of these pa- 
tients could be divided into two groups: 
centronuclear myopathy (an often fa- 
tal disease) and type-l hypotrophy 
without central nuclei (reported by 
some to be nonprogressive).'5 Con- 
trary to reported expectations, all in- 
fants fared poorly. Patient 1 died from 
an unexplained cause, and patient 4 
died of sepsis. Of these two, the biopsy 
specimen in case 1 resembled centro- 
nuclear myopathy, while that in case 4 
resembled type-1 hypotrophy without 
central nuclei. The two surviving chil- 
dren have continued to be ventilator 
dependent beyond age 2 years. Regard- 
less of the biopsy pattern and the pa- 
tient's sex, the clinical course in all 
four infants resembled that of severe, 
x-linked recessive, centronuclear my- 
opathy.'^5 The clinical presentation of 
severe weakness and hypoventilation/ 
apnea at birth predicted the clinical 
outcome far more accurately than did 
the appearance of the biopsy speci- 
mens. 

The similarity of our patients' clin- 
ical features suggests that centronu- 
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clear myopathy and type-1 hypotrophy 
without central nuclei do not represent 
distinct entities. Our interpretation 
echoes the conclusions of other inves- 
tigators who have questioned whether 
centronuclear myopathy is indeed a 
distinct nosologic entity." Schochet 
and colleagues questioned whether 
centronuclear myopathy was a noso- 
logic entity because it was heteroge- 
neous in its clinical course, presenta- 
tion, and histologic features. Harri- 
man and Haleem" contended that 
centronuclear myopathy was not a sin- 
gle entity, but instead was associated 
with different genetic forms and clin- 
ical presentations. 

That type-1 hypotrophy is nonspe- 
cific has been proposed by Iannaccone 
and colleagues"! and Vogler and Bove.’ 
These investigators found that 10% of 
muscle biopsy specimens in children 
had disproportionately small type-1 
fibers. A variety of disorders, including 
myopathies, dystrophies, neuropa- 
thies, spinal muscular atrophies, and 
undefined diseases were associated 
with the small type-1 fibers. These au- 
thors concluded that small type-1 fi- 
bers were nonspecific, and they pro- 
posed that the persistence of small 
type-1 fibers may represent a delayed 
maturation of muscle. Taking the ob- 
servations of Iannaccone et al" and 
Vogler and Bove"! together with our 
patients’ results, we propose that the 
presence of type-1 hypotrophy, regard- 
less of the presence of central nuclei, is 
not sufficient grounds to classify a my- 
opathy as a separate nosologic entity. 
We suggest that these same limita- 
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tions apply to the pattern of centronu- 
clear myopathy, as has already been 
suggested by earlier workers who be- 
lieved that centronuclear myopathy 
may not be a unique disorder. 

The histologic findings in our pa- 
tients suggest that centronuclear my- 
opathy and type-1 hypotrophy with or 
without central nuclei do not represent 
distinct nosologie entities. It seems 
more likely that the histologic changes 
represent abnormalities in fiber size 
distribution and development that are 
nonspecific and that may reflect a pri- 
mary defect at one or more sites in the 
neuraxis. The findings in these four 
patients suggest that the classification 
of the myopathies based on histology 
and clinical appearance may need to be 
reconsidered. Recent discoveries in 
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demonstrate that a primary defect in a 
muscle genome may manifest a wide 
range of presentations. One may sus- 
pect that other myopathies such as 
centronuclear myopathy and type-1 
hypotrophy without central nuclei rep- 
resent the final product of a molecular 
genetic defect. The understanding of 
these conditions will depend on identi- 
fication of the primary molecular de- 
fect. 


Dr Lo was supported in part by a Clinical 
Investigator Development Award from the Na- 
tional Institute of Neurological Disorders and 
Stroke (1-K08-NS01235-01A1). 

We wish to thank Koreen Burrow and Tracy 
Gales for their technical assistance, and George 
Painter and Nancy Hodges for preparation of the 
manuscript. 


Modern Approach. Philadelphia, Pa: WB Saun- 
ders Co; 1973. 

14. Ambler MW, Neave C, Tutschka BG, 
Pueschel SM, Orson JM, Singer DB. X-linked re- 
cessive myotubular myopathy, I: clinical and 
pathologie findings in a family. Hum Pathol. 
1984;15:566-574. 

15. Ambler MW, Neave C, Singer DB. X-linked 
recessive myotubular myopathy, II: muscle mor- 
phology and human myogenesis. Hwm Pathol. 
1984;15:1107-1120. 

16. Schochet SS, Zellweger H, Ionaseseu V, 
McCormick WF. Centronuclear myopathy: dis- 
ease entity or syndrome? J Neurol Sci. 1972; 
16:215-228. 

17. Harriman DGF, Haleem MH. Centronu- 
clear myopathy in old age. J Pathol. 1972;108:237- 
247. 

18. Vogler C, Bove E. Morphology of skeletal 
muscle in children: an assessment of normal 
growth and differentiation. Arch Pathol Lab Med. 
1985;109:238-242. 


Myopathy and Hypotrophy—Lo et al 


“4 


Comparison of the Neuroprotective Effects of the 
N-Methyl-p-Aspartate Antagonist MK-801 and the 
Opiate-Receptor Antagonist Nalmefene in 
Experimental Spinal Cord Ischemia 


Sabrina W. Yum, MD, Alan I. Faden, MD 


* Both N-methyl-p-aspartate (NMDA)- 
receptor antagonists and opiate-receptor 
antagonists have been shown to limit tis- 
sue damage after ischemic central ner- 
vous system injury. We compared the neu- 
roprotective effects of the noncompetitive 
NMDA-receptor antagonist MK-801 and 
the opiate-receptor antagonist nalmefene 
in a model of global spinal cord ischemia 
and reperfusion in unanesthetized rabbits. 
MK-801 (1 mg/kg) or nalmefene (0.1 mg/ 
kg) was administered intravenously 5 min- 
utes after reperfusion. MK-801 treatment 
and nalmefene treatment each signifi- 
cantly improved the neurologic and histo- 
logic outcome compared with saline can- 


The neurologic deficits and associ- 

ated tissue damage following is- 
chemic brain or spinal cord injury ap- 
pear to result, in part, from secondary 
injury caused by endogenous autode- 
structive factors. Among such factors, 
endogenous opioids have long been 
implicated in the secondary injury 
process.? Since 1981, a substantial 
body of experimental data has shown 
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trols. Differences in these outcome mea- 
sures between MK-801 treatment and 
nalmefene treatment did not reach statis- 
tical significance. Our results are consis- 
tent with the hypothesis that multiple fac- 
tors, including endogenous opioids and 
excitatory amino acids, contribute to the 
secondary tissue injury after central ner- 
vous system ischemia. These data also 
provide further evidence that therapeutic 
interventions with opiate-receptor antag- 
onists or NMDA antagonists may be bene- 
ficial in limiting neurologic dysfunction af- 
ter ischemic brain or spinal cord injury. 
(Arch Neurol. 1990;47:277-281) 


that opiate-receptor antagonists can 
improve physiologie variables, histo- 
pathologic sequelae, and neurologic 
outcome following ischemic injuries to 
the central nervous system (CNS) ina 
variety of animal models. The high 
doses of naloxone required for neuro- 
protective activity in these studies 
have suggested either that the effects 
are not opiate receptor-mediated or 
that they occur through non-u recep- 
tors (eg, x or ô) that are relatively 
insensitive to naloxone. Consistent 
with the latter interpretation are the 
observations that structurally differ- 
ent opiate antagonists have therapeu- 
tic actions in CNS ischemia and that 
such effects are stereospecific.’ 


More recently, a potential role for 
excitatory amino acids (EAAs) in 
postischemic tissue damage has been 
proposed.5 Large increases in extra- 
cellular glutamate concentrations 
have been observed following cerebral 
ischemia.*? Studies with selective an- 
tagonists indicate that the N-methyl- 
D-aspartate (NMDA) subtype of EAA 
receptors plays a particularly impor- 
tant role in ischemia-induced injury." 

Nalmefene is an opiate-receptor an- 
tagonist, derived from naltrexone, 
that is longer-acting than naloxone 
and has increased activity at x-opiate 
receptors.!^? In studies of impact spi- 
nal cord injury, nalmefene has been 
highly effective in limiting histologic 
changes and improving neurologic out- 
come, with a potency approximately 
100 times greater than that of 
naloxone.” Of potential clinical impor- 
tance is the finding that, because of its 
long biological half-life, nalmefene can 
be effectively administered in a single 
intravenous injection after trauma. 
Other studies, using a model of global 
forebrain ischemia and reperfusion in 
rats, have shown that nalmefene pre- 
treatment caused a more rapid nor- 
malization of cellular bioenergetic 
state, tissue acidosis, and lactate accu- 
mulation than occurred in control an- 
imals; nalmefene treatment also sig- 
nificantly reduced lipid hydrolysis and 
free radical generation (A.LF., R. 
Shirane, MD, L.H. Chang, PhD, et al, 
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unpublished findings, 1989). MK-801 
[(+) - 5 - methyl - 10,11 - dihydro - 5H - 
dibenzo[a,d]cyclohepten - 5,10 - imine 
maleate] is a noncompetitive NMDA 
antagonist" that has been found to 
improve outcome after impact spinal 
cord trauma/ and cerebral ische- 
mia.'** Kochlar et al^ have reported 
that MK-801 improved behavioral out- 
come after global spinal cord ischemia 
and reperfusion in rabbits. In their 
study, a simple three-point scoring 
scale was used to grade animals and no 
histologic data were presented. To fur- 
ther evaluate the potential role of en- 
dogenous opioids and EAAs in postis- 
chemic tissue injury, we compared the 
effects of early single-dose nalmefene 
and MK-801 treatment on behavioral 
and histologic outcome following spi- 
nal cord ischemia/reperfusion in rab- 
bits. 


MATERIALS AND METHODS 


New Zealand male albino rabbits (3.0 to 
3.5 kg) were anesthetized with 3% isoflu- 
rane by face-mask. Under aseptic condi- 
tions, a small incision was made in the left 
groin and the femoral artery was exposed. 
The artery was cannulated with a 4F Ber- 
man angiographic catheter, which was ad- 


Fig 1.—A schematic representation of the placement of grid boxes in the 
ventral horn that was used to quantify histologic changes. Cells with 
maximum width greater than 1% grids (approximately 19 um) were 
counted. 


Fig 2.— Top, Comparison of neurologic scores 48 hours after ischemia 
in various treatment groups. Rabbits treated with 1 mg/kg MK-801 
(hatched bars) or 0.1 mg/kg nalmefene (shaded bars) showed signif- 
icantly better recovery of motor function than the saline-treated controls 
(open bars), ie, a greater number of animals with higher neuroscore val- 
ues. Bottom, Neurologic scores have been translated into functional 
equivalents: hoppers (score, 3 to 5) and nonhoppers (score, 0 to 2). The 
percentage of animals that regained hopping ability was significantly 
higher with MK-80 1 treatment (4096; P < .05) and nalmefene treatment 
(53%; P < .05) than with saline treatment (7%). Although the degree of 
neurologic recovery was greater in nalmefene-treated animals than in 
MK-801 -treated animals, this difference did not reach statistical signif- 


icance. ` 
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vanced 15 em so that the tip of the catheter 
was in the abdominal aorta just below the 
origin of the left renal artery; in prelimi- 
nary experiments the position of the cath- 
eter was documented by fluoroscopy. The 
catheter has a Silastic balloon at its tip and 
ports proximal to the balloon that allow for 
pressure monitoring distal to the occlusion 
site and measurement of arterial blood 
gases. The catheter was secured with liga- 
tures and the wound was closed with surgi- 
cal clips. Isoflurane administration was 
discontinued and the animal was allowed to 
recover from anesthesia for 90 minutes. Is- 
chemia was induced in the spinal cord when 
the rabbits were awake. To induce ischemia 
the balloon was inflated with 0.6 mL of air 
until aortic pressure was lost. Aortic pres- 
sure was monitored throughout the infla- 
tion peried to ensure complete occlusion. 
After 16 minutes of ischemia, the balloon 
was deflated; blood pressure and blood 
gases were monitored for an additional 30 
minutes. The catheter was then removed; 
the retaining suture, placed under the fem- 
oral artery at surgery, was tightened and 
the wound was closed. Animals were re- 
turned to their cages with free access to 
food and water. The Crede maneuver was 
performed to empty the bladders of the 
paraplegic animals at least twice daily. The 
choice of the 16-minute occlusion period 
was based on extensive pilot studies that 
demonstrated severe behavioral deficits 
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and histologic damage in untreated ani- 
mals. Although animals were not anesthe- 
tized at the time of ischemia, they showed 
no evidence of distress during aortic occlu- 
sion, as previously shown for similar mod- 
els of aortic occlusion in this species.? 

Forty-five animals were randomly as- 
signed to one of three treatment groups (15 
in each group): physiologic saline; MK-801 
(1 mg/kg); and nalmefene (0.1 mg/kg). 
Doses of MK-801 and nalmefene were based 
on full dose-response studies for these com- 
pounds in traumatic spinal cord injury. 
Drug or vehicle was given in equal volume 
through a catheter in the marginal ear vein, 
administered over a 2-minute period, be- 
ginning 5 minutes after the occlusion pe- 
riod. Behavioral outcome was assessed by 
the hind-limb function, which was graded 
by an investigator unaware of treatment 
group 24 and 48 hours after ischemia, using 
an ordinal grading scale as follows: 0 indi- 
cates complete paralysis; 1, some functional 
movement, markedly impaired; 2, func- 
tional movement, supports weight, unable 
to hop; 3, hopping, markedly ataxic; 4, hop- 
ping, slightly impaired; and 5, normal. Rab- 
bits were also categorized as nonhoppers 
(neurologic score, 0 to 2) or hoppers (neuro- 
logic score, 3 to 5). 

At 48 hours after reperfusion, animals 
were killed with pentobarbital sodium and 
perfused via a left ventricular cannula with 
475 buffered formaldehyde solution. The 
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spinal column from T-10 to S-1 was re- 
moved from the animal and stored in 4% 
buffered formaldehyde for at least 7 days 
for tissue fixation. The spinal cord was then 
carefully dissected out of the vertebrae and 
placed in 4% buffered formaldehyde for 
additional fixation. Six spinal cords from 
the saline-treated control group were ex- 
amined from region T-10 to S-1 to deter- 
mine the segment with maximum ischemic 
damage. In the remaining spinal cords, the 
L-4 segment was sectioned at 2-mm inter- 
vals, dehydrated in graded alcohols, embed- 
ded in paraffin, and cut in 20-um sections for 
light microscopy. Sections were stained 
with cresyl violet. An ocular grid (0.8 X 0.8 
mm) was superimposed over the ventral 
horn as demonstrated in Fig 1. A minimum 
width of 1.5 grids (approximately 19 um) 
was used to discriminate neuronal elements 
based on extensive pilot studies. Neurons 
within the grid areas on both sides of the 
ventral horn were counted from three con- 
tiguous sections and the mean number of 
remaining neurons per section was calcu- 
lated. Spinal cord tissue from three unin- 
jured animals was used to establish the 
number of ventral horn neurons in normal 
animals. 

Differences in neurologie scores among 
the groups were determined by Kruskal- 


Wallis analysis of variance and Mann- 
Whitney rank sum tests. Frequency analy- 
sis of hopping and nonhopping activity was 
performed using Fisher's Exact Test. Num- 
bers of surviving neurons in various groups 
were analyzed by unpaired t test. Spear- 
man's rank correlation test was used to 
measure the association between neuro- 
logic scores and the numbers of surviving 
neurons. A P value of <.05 was considered 
statistically significant. 


RESULTS 


Highly reproducible spinal cord 
damage was produced after 16 minutes 
of occlusion of the infrarenal aortic 
artery. All animals became paraplegic 
within 1 minute after the onset of 
ischemia. After 48 hours, 14 of 15 
saline-treated animals showed severe 
or complete hind-limb paralysis (neu- 
rologic scores, 0 to 2). In contrast, 
animals treated with the NMDA- 
receptor antagonist MK-801 or nal- 
mefene showed a significant reduction 
in hind-limb motor dysfunction 
(Mann-Whitney rank sum test; each 
P < .01) (Fig 2, top). The percent of 
hoppers was significantly higher in the 





MK-801- and nalmefene-treated ani- 
mals than in saline-treated controls: 
only 7% (1 of 15) of animals could hop 
in the saline-treated group, 40% (6 of 
15) of animals in the MK-801 group 
(P € .05 by Fisher's Exact Test), and 
53% (8 of 15) of animals in the nal- 
mefene group (P « .05) (Fig 2, bottom). 
There was no difference in the neuro- 
logie outcome between animals re- 
ceiving MK-801 and nalmefene treat- 
ment. 

Pathologie changes in the spinal 
cord were limited to the gray matter, 
predominantly the central anterior 
horn and intermediate gray matter; 
these areas showed a significant loss of 
neurons (Fig 3). The most severe 
changes were found in segments L-3 to 
L-5, as seen in the 6 saline-treated 
control animals examined from spinal 
cord region T-10 to S-1. An average 
(x SD) of 59 + 2 neurons per section 
was found in normal spinal cord tissue 
at L-4. The mean number of surviving 
neurons at L-4 was 13 + 3 in the sa- 
line-treated group, 28 + 5 in the MK- 
801-treated group (P -.025), and 
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Fig 3.—Characteristic appearance of ventral horn at L-4 in representative uninjured control (top left), saline-treated con- 
trol (injured) (top right), MK-801-treated animal (bottom left), and nalmefene-treated animal (bottom right) (cresyl violet 


stain, X40). 
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Fig 4.— Comparison of histologic changes among saline-treated con- 
trols, MK-801-treated animals, and nalmefene-treated animals (n = 15 
in each group). The mean (+ SD) number of surviving neurons was sig- 
nificantly higher in both MK-801-treated animals (28 + 5 per section; 
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P < .05) and nalmefene-treated animals (31 + 5; P < .01) than in sa- 


line-treated controls. 


31 + 5 in the nalmefene-treated group 
(P = .005) (Fig 4). Differences between 
MK-801-treated and  nalmefene- 
treated animals did not reach statisti- 
cal significance. The correlation be- 
tween neurologic scores and mean 
surviving neurons was highly signifi- 
cant (Spearman’s rank correlation 
test, r = .9; P < .0001) (Fig 5). 


COMMENT 


The present study demonstrates 
that both the NMDA antagonist MK- 
801 and the opiate-receptor antagonist 
nalmefene, administered in the early 
period after spinal cord ischemia in 
rabbits, significantly improve neuro- 
logic outcome and limit neuronal dam- 
age. The beneficial effects of MK-801 in 
spinal cord ischemia in the present 
study are in agreement with previ- 
ously published results that NMDA 
antagonists limit tissue damage in- 
duced by brain or spinal cord is- 
chemia?! and provide additional 
support for the hypothesis that exci- 
tation of NMDA receptors contributes 
to neuronal death after CNS ischemia. 
More specifically, these results con- 
firm the findings of Kochlar et al” us- 
ing a somewhat different aortic occlu- 
sion model in rabbits. 

The protective effects of nalmefene 
are similar to those previously found 
for other opiate antagonists such as 
naloxone or WIN44,441-3 (quadazocine 
mesylate) following ischemic spinal 
cord injury in rabbits.*”? However, the 
beneficial effects of nalmefene were 
noted after a single intravenous dose, 
contrasting with previous drug studies 
in which effective doses of opiate an- 
tagonists were administered as either 
continuous or repeated systemic injec- 
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tions. Both quadazocine mesylate and 
nalmefene may have increased activity 
at x-opiate receptors.* Taken together, 
these findings indicate that endoge- 
nous opioids contribute to the patho- 
genesis of ischemia neuronal damage 
and suggest that the beneficial effects 
of opiate antagonists in spinal cord is- 
chemia may be mediated by x-opiate 
receptors. These data are also consis- 
tent with a larger body of evidence 
from experimental studies of trau- 
matic spinal cord injury that implicate 
the endogenous opioid dynorphin as a 
pathophysiologic factor contributing 
to delayed tissue damage.*? 
Dynorphin is highly selective for 
x-opiate receptors" and causes hind- 
limb paralysis after intrathecal ad- 
ministration that is attenuated by 
x-selective opiate antagonists.” How- 
ever, in addition to x-receptor-medi- 
ated effects, dynorphin may also exert 
its neurotoxic effects, in part, through 
a "nonopioid" mechanism.” Caudle 
and Isaac? have recently reported 
that a competitive NMDA-receptor 
antagonist, DL-2-amino-5-phosphono- 
valera:e, partially reverses the effects 
of intrathecal dynorphin A-(1-13) ad- 
ministration on spinal reflexes in rats. 
They postulated that dynorphin may 
exert some of its neurotoxic effects via 
the NMDA receptor. Recent work in 
our laboratory has provided further 
support for their hypothesis and 
showed that the  noncompetitive 
NMDA antagonist dextrorphan and 
the competitive NMDA antagonist 
CPP significantly improve neurologic 
outcome after either dynorphin A- 
(1-17) or dynorphin A-(2-17) infusion; 
dynorphin A-(2-17) is a nonopioid 
fragment that also causes tissue 


Neuroscore 





Fig 5.— Correlation between neurologic score and number of surviving 
neurons per section was highly significant (Spearman r = .9; P < .001). 


changes." In addition, results from 
tissue culture studies suggest that the 
beneficial effects of opiate antagonists 
may relate, in part, to their ability to 
attenuate NMDA receptor-mediated 
neurotoxicity.” It is also possible that 
opiate-receptor antagonists may 
affect EAA release; in preliminary 
studies, we found that nalmefene pre- 
treatment attenuates postischemic 
changes in tissue levels of aspartate 
and glutamate after global forebrain 
ischemia and reperfusion (A.LF., R. 
Shirane, MD, L.H. Chang, PhD, et al, 
unpublished findings, 1989). 

The advantages of the global spinal 
cord ischemia model for evaluation of 
anti-ischemia agents have been con- 
sidered previously? Both behavioral 
and histologic changes are highly con- 
sistent and readily quantifiable. The 
model also permits studies to be per- 
formed in unanesthetized animals, 
which is considerably important since 
commonly used anesthetics such as 
ketamine and barbiturates have an- 
tagonistic activity at NMDA recep- 
tors. It should also be noted that the 
behavioral and histologic changes are 
highly correlated, as shown in Fig 5. 
Most earlier rabbit models of spinal 
cord ischemia have employed direct 
compression of the aorta rather than 
the balloon catheter technique used in 
the present studies; the latter method 
permits confirmation of the effective- 
ness of aortic occlusion and is less 
likely to cause vessel damage. 

In summary, we found that an 
NMDA antagonist and an opiate-re- 
ceptor antagonist provide comparable 
neuroprotective effects after global 
spinal cord ischemia, when these drugs 
are administered 5 minutes after 
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reperfusion. These findings are consis- 
tent with the hypothesis that multiple 
factors, including endogenous opioids 
and EAAs, contribute to the secondary 
tissue injury after CNS ischemia. 
Whether the two classes of compounds 
work through similar or different 
mechanisms and whether these treat- 
ments are effective at later periods af- 
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ter reperfusion remain to be estab- 
lished. Findings from this study may 
have clinical relevance to the rela- 
tively common complication of tho- 
racic artery aneurysm repair, in which 
as many as 40% of patients may have 
postsurgical paraparesis.! Opiate-re- 
ceptor antagonists or NMDA antago- 
nists could conceivably be used pro- 
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Incorrect Values.—In the article entitled “Neuropathologic Correlates of 
Leuko-araiosis” that appeared in the October issue of the ARCHIVES 
(1989;46:1124-1128), errors appeared in certain values associated with mean 
duration of illness. On page 1126, column 2, line 21, the mean duration of 
illness should have been given as 9.9 years instead of 5.7 years for patients 


with cortical scars. Also on page 1126, column 2, line 23, the mean duration 
of illness should have been given as 5.7 years instead of 9.9 years for patients 
without cortical scars. Therefore, the sentence should have read as follows: 
“The presence of cortical scars in patients with AD was associated with a 
longer mean duration (9.9 years) of illness than was seen among the patients 
without scars (5.7 years, P = .028).” 
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Depression, Anxiety, and Temporal Lobe Epilepsy 


Laterality of Focus and Symptoms 


Lori L. Altshuler, MD; Orrin Devinsky, MD; Robert M. Post, MD; William Theodore, MD 


€ The association between anxiety, de- 
pression, and lateralization of an epilepto- 
genic focus was explored in 18 adult 
patients with a left temporal lobe focus, 21 
with a right focus, 20 with bilateral tempo- 
ral foci, and 16 individuals with absence 
seizures. No significant difference in the 
level of anxiety was found among the 
groups. However, patients with left-sided 
temporal lobe epilepsy scored signifi- 
cantly higher than other groups on self- 
ratings for depression. This could not be 
accounted for by factors such as duration 
of epilepsy, employment status, educa- 
tion, age at seizure onset, or medication 
status. The left temporal lobe epilepsy 
group had a nonsignificantly larger num- 
ber of males and left-handed subjects. The 
possible interactions between gender, 
handedness, seizure focus, and vulnera- 
bility to depression are described. 

(Arch Neurol. 1990;47:284-288) 


Depression is a serious psychiatric 

concomitant of epilepsy." The 
rate of suicide attempts in epileptic 
patients exceeds that of the general 
population," and the rate in tempo- 
ral lobe epileptics is particularly 
high. Several studies have com- 
pared patients with epilepsy with 
those with equally disabling illnesses. 
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Kogeorgos et al‘ found depression to be 
both more prevalent and more severe 
in an outpatient epileptic population 
than in a group of outpatients with 
chronic neurologic illnesses. Mendez et 
al’? noted that patients with epilepsy 
were more depressed than patients 
with comparable physical handicaps. 
These clinical findings are provocative 
because they suggest that the mood 
alteration may be more a manifesta- 
tion of changes in brain function than 
a reaction to social or economic con- 
sequences of being disabled. This 
idea seems to be confirmed in the 
few studies where the epilepsy popu- 
lation is compared with patients 
with other types of brain damage; 
here, the prevalence of emotional 
difficulties is as frequent in the 
brain-damaged patients as in those 
with epilepsy.!'*'5 

Studies on mood alteration subse- 
quent to unilateral brain injury have 
demonstrated that damage to the left 
side of the brain is associated with 
different emotional behavior than 
damage to the right side. Gainotti" 
reported that patients with left hemi- 
sphere lesions exhibit crying, self- 
blame, feelings of despair, and hope- 
lessness. Conversely, patients with 
right hemisphere damage more often 
display emotions of euphoria, placid- 
ity, or indifference. More recently 
these observations have been sup- 
ported by Sackeim et al,'* who re- 
viewed case reports of pathologic 
laughing or crying and found that pa- 
tients with left-sided lesions more of- 
ten exhibited pathologic crying, while 
pathologic laughter was more com- 
monly seen in patients with right 
hemispheric lesions. Studies of pa- 
tients with temporal lobe epilepsy 


(TLE) have extended these findings, 
suggesting a relationship between lat- 
erality of the epileptogenic lesion 
and type of behavioral symptoms in- 
cluding depression, anxiety, and psy- 
chosis.**!°?2 However, the results of the 
studies on mood are inconsistent. Flor- 
Henry” originally observed that pa- 
tients with a right-sided temporal lobe 
focus were more predisposed to affec- 
tive symptoms. Perini and Mendius* 
and Mendez et al’ found a left temporal 
lobe focus associated with depressive 
symptoms. Perini and Mendius* also 
noted increased anxiety in patients 
with left TLE compared with right 
TLE, while the findings of lateralized 
interictal fear in a study by Strauss et 
al? were more equivocal. Several inves- 
tigators have not described any clear 
lateralized relationships.5?^* 

This study was undertaken to fur- 
ther evaluate a relationship between 
seizure type, lateralization of epilep- 


togenic foci, and symptoms of interic- : 


tal depression or anxiety. 
PATIENTS AND METHODS 


Patients admitted to one of two hospi- 
tals (National Institutes of Health, Be- 
thesda, Md, or New York [NY] Hospital) 
during the study period were evaluated. 
At the National Institutes of Health Clin- 
ical Epilepsy Section, all inpatients and 
outpatients seen by one of us (O.D.) from 
July 1986 through October 1987 were in- 
cluded. The New York Hospital patients 
were obtained nonconsecutively from the 
inpatient and outpatient services (ie, 
when one of us, one of several available 
neurology consultants, was called for a 
general neurology consultation). No pa- 
tient was asked to be seen for psychiatric 
reasons. All were examined for a general 
neurologic problem; thus, there was no 
selection bias for patients with behav- 
ioral disturbances. All patients had a his- 
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tory of poorly controlled seizures despite 
documented therapeutic epileptic drug 
levels. Classification of seizures was based 
on the 1981 International Classification of 
Epileptic Seizures criteria.” Patients with 
complex partial seizures or absence sei- 
zures were candidates for this study. All 
patients had epileptiform discharges on 
interictal or ictal electroencephalographic 
recordings. In most patients from the Na- 
tional Institutes of Health, seizures were 
documented by electroencephalographic 
telemetry combined with sphenoidal elec- 
trodes. Computed tomography and mag- 
netic resonance imaging of the head were 
obtained in all patients. Individuals with 
a known history of head trauma and pro- 
gressive central nervous system lesions 
were excluded. 

Lateralization of seizure foci was based 
on interictal or ictal electroencephalo- 
grams that demonstrated epileptiform dis- 
charges arising from the same hemisphere 
inallorin a majority (ie, >80% ) of tracings. 
Based on the above-mentioned neurologic 
findings, patients were divided into one of 
four categories: left TLE, right TLE, bilat- 
eral TLE, or absence seizures. All patients 
categorized as having absence seizures met 
the criteria for absence seizures as defined 
by the 1981 International Classification of 
Epileptic Seizures, with both clinical and 
electroencephalographie features. Eleven 
of 16 patients who had absence seizures also 
had generalized tonoclonic seizures. 

The investigators interviewed the pa- 
tients for clinical and demographic infor- 
mation, including education, employment 
status, medication status, and onset, dura- 
tion, and frequency of seizures. Handedness 
was determined by a questionnaire combin- 
ing items from the Annett Handedness 
Questionnaire” and the Edinburgh Hand- 
edness Inventory.” During the initial eval- 
uation weeks, two self-rating scales for 
anxiety and one self-rating scale for de- 
pression were administered. Drug levels for 
all medications that each patient was tak- 
ing were recorded if the levels were ob- 
tained within the same month that the 
rating scales were administered. Anxiety 
scales consisted of the Spielberger State 
T Y and Spielberger Trait Anxiety Inventories, 

each with 20 items, and established reli- 
ability and validity for measuring anxiety.” 
The Beck Depression Inventory? was used 
to assess the severity of depression as mea- 
sured by self-report. This is a 21-item scale 
with four severity categories for each item. 
Each category describes a specific behav- 
ioral manifestation of depression and con- 
sists of a graded series of four to five self- 
evaluative statements ranked to reflect a 
range of symptom severity. The scale has 
also been well validated, and a score of 
greater than 10 is considered to represent 
depressive symptoms." 

Statistical analysis was performed using 
the Statistical Analysis System package. 
Factorial analysis of variance with epilepsy 
group and handedness as variables was 
performed to determine if unequal distri- 
butions of handedness in the groups might 
have artifically influenced levels of signifi- 
cance. 
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Table 1.— Patient Characteristics * 


Right TLE 
Characteristic Analyzed (n = 21) 


Age, y (x + SD) 3118 








Males, No. (96) 13 (62) 
Females, No. (96) 8 (38) 


Bilateral TLE 
(n — 18) (n — 20) 
34 * 8 30 +6 
12 (67) 9 (45) 

6 (33) 11 (55) 10 (62) 


Absence 
(n = 16) 


Left TLE 





Right-handedness, No. (%) 18 (86) 
Left-handedness, No. (%) 3 (14) 
Education, y 11.9 € 3 


13 (72) 16 (80) 14 (87) 
5 (28) 4 (20) 2 (13) 
13.7 + 2 12.8 + 2 14.2 + 2 





Employed, No. (%) 14 (67) 
Unemployed, No. (%) 7 (83) 
Duration of epilepsy, y 206+9 


2 Seizures in past month 
3 Seizures in past month 
>4 Seizures in past month 
* TLE indicates temporal lobe epilepsy. 


RESULTS 


Patient characteristics are shown in 
Table 1. Twenty-one patients had a 
right temporal lobe focus, 18 patients 
had a left temporal lobe focus, and 20 
patients exhibited bilateral temporal 
foci. Sixteen patients met criteria for 
absence seizures. There were no sig- 
nificant differences across the four 
groups in age, gender, education, du- 
ration of epilepsy, seizure frequency, 
employment status, or medication sta- 
tus (x?, P ».2). The overall prevalence 
of left-handedness in the population 
sample was 19%. Two-way analysis of 
variance revealed no significant differ- 
ences across groups on anxiety mea- 
sures (Table 2). For depressive symp- 
toms, two-way analysis of variance 
demonstrated no main effect of hand- 
edness (F[1,67] = 0.01; P = .9) or sig- 
nificant subgroup by handedness in- 
teraction  (F[3,67] = 1.834, P = 27) 
However, a significant main effect of 
subgroup was seen (F[3,67] = 3.01; P 
«.04). Post-hoc analysis revealed that 
the left TLE group was significantly 
different from the other TLE groups 
(Student's t test, right vs left, t = —2.1, 
P=.04; bilateral vs left, t= 3.5, 
P = .001) (Fig 1). Furthermore, when 
scores were categorized into severity 
groups in accordance with the Beck 
criteria,” the left TLE group remained 
significantly elevated compared with 
allother groups (Table 3). Using scores 
above 10 as indicative of depression, 
72% of patients with left TLE had this 
degree of depression vs 24% of right 
TLE, 31% of absence, and 15% of 
bilateral group (Table 4) (x? = 15.8; 
df = 3; P = .001). The bilateral group 
had the lowest mean Beck score, and 
lowest number of patients scoring in 
the depressed range. 

Figure 2 demonstrates mean Beck 
scores in each subgroup broken down 


10 (55) 7 (85) 10 (63) 
8 (44) 13 (65) 6 (37) 
17.9 + 8 19.9 + 7 








Epilepsy Group 


Fig 1.—Mean Beck score by diagnostic group. 
Mean Beck scores were plotted for each diag- 
nostic seizure group. TLE indicates temporal 
lobe epilepsy; absence, absence seizures. 


by handedness. Figure 3 depicts mean 
scores by sex. 

While there were no significant dif- 
ferences between mean Beck Depres- 
sion Inventory scores for total males 
and females (one-way analysis of vari- 
ance; F = 0.36; P >.6), the males with 
a left temporal lobe focus had the 
highest mean Beck score (Fig 3). In 
fact, the five highest scores in the left 
TLE group were those of male sub- 
jects. Interestingly, three of these five 
males were also left-handed. 

Patients either were not taking med- 
ication or were taking carbamazepine, 
phenytoin, or valproic acid. Several 
patients in each group were receiving 
a combination of two or three medica- 
tions. Of 75 patients, 55 had drug blood 
levels determined within 1 month of 
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Left TLE 
x + SD 


Right TLE, 
x + SD 


Table 2.—Mean Depression and Anxiety Scores for Patient Categories * 





Bilateral, 
x + SD 


Absence 
x * SD Ft Pt 




















Beck 12.2 + 5.4 7.62 + 7.9 








6.35 + 5.1 





8.5 + 8.1 3.01 .04 











Spielberger S 40.0 + 9.1 40.1 + 8.3 


36.1 + 9.9 





42.3 + 16 0.11 











Spielberger T 42.1 t 7.8 42.3 + 7.6 


*TLE indicates temporal lobe epilepsy. 





38.0 + 10.95 








40.9 + 12.96 0.47 





tTwo-way analysis of variance with subgroup and handedness variables. F and P values are for main effect 
of subgroup. No significant main effect of handedness or subgroup by handed interactions was found. 


the time the psychiatrie scales were 
administered. When these 55 patients 
were evaluated, there were no signifi- 
cant correlations between anxiety/de- 
pressive symptoms and drug levels 
within any group or across groups. 
Furthermore, there were no signifi- 
cant relationships between anxiety or 
depression ratings and drug being 
taken, including carbamazepine, phe- 
nytoin, or valproic acid. 


COMMENT 


Our results demonstrate a signifi- 
cant association between a left tempo- 
ral lobe epileptogenic focus and de- 
pressive symptoms, as demonstrated 
by higher self-ratings on the Beck De- 
pression Inventory. The significantly 
lower percentage of patients with 
Scores in the depressed range in the 
three other epileptic groups (Table 3) 
suggests that the finding may not be 
related to epilepsy or brain damage in 
general, but rather may have some 
specificity for a left lateralized focus. 
This is consistent with earlier studies 
by Perini and Mendius and Mendez et 
al? Hurwitz et al? described a right- 
handed patient with independent left- 
sided and right-sided temporal lobe 
discharges. During the immediate and 
extended postictal periods following 
left-sided discharges she became de- 
pressed, but after right-sided dis- 
charges she was euphoric. These stud- 
ies and our own suggest that func- 
tional impairment of left hemisphere 
limbic structures may predispose a 
patient to depression. 

While it has previously been re- 
ported that unilateral left hemispheric 
lesions cause a different set of psycho- 
logic responses than right or bilateral 
lesions,'* and intracarotid amytal in- 
jections induce greater depressive re- 
actions after left-sided vs right-sided 
administration," the altered neu- 
roanatomic structures that may medi- 
ate the expression of depressive symp- 
toms have not been clearly elucidated. 
Robinson et al,” in a study of the in- 
cidence of depression in a stroke pop- 
ulation, found a significantly higher 
percentage of depression in those pa- 
tients with anterior left hemispheric 
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strokes compared with posterior left 
or right hemispheric infarction. Re- 
cent investigations with psychiatric 
patients suggest that left frontal 
hemisphere dysfunction is associated 
with clinical depression. Using 
positron emission tomographic scans, 
Baxter et al^ examined patients with 
major depression and detected a sig- 
nificant reduction in glucose metabolic 
rates in the left dorsal anterolateral 
prefrontal cortex as compared with 
the right. These studies are intriguing 
because they suggest that an increased 
susceptibility to depression may not be 
necessarily temporal-lobe specific, but 
rather hemisphere specific. The in- 
terictal hypometabolism that is 
present ipsilateral to the seizure focus 
in patients with complex partial 
seizures" may be extensive, affecting 
the temporal cortex, basal ganglia, and 
frontal cortex. Thus, the metabolic in- 
fluence of a small lesion may spread 
throughout and beyond limbic system 
structures. This interictal hypometab- 
olism at sites distant to the temporal 
lobe may represent the physiologic 
correlate of functional depression. 
Positron emission tomography studies 
with TLE patients may help better de- 
fine a relationship between focality of 
an epileptogenic lesion, glucose hy- 
pometabolism interictally in regions 
at and beyond the focus site, and mood. 

It has previously been reported that 
the incidence of left-handers in pa- 
tients with epilepsy is high, with a 
large contribution coming from pa- 
tients with left-sided foci. Nineteen 
percent of our epilepsy population was 
left-handed. In addition, the greatest 
number of left-handers were in the left 
TLE group. Although this was not sig- 
nificant because of the small number in 
each group, a type II error may have 
occurred. It is of interest to observe 
that the five highest scores of the Beck 
Depression Inventory came from the 
left TLE group, and three of the five 
patients in this group were left- 
handed. Our study suggests that there 
may be a relationship between left- 
handedness, a left hemisphere seizure 
focus, and depression, but again the 
absolute number of left-handers in 


E Left 
La Right 


Beck Score 


Epilepsy Group 

Fig 2.—Mean Beck score by handedness. 
Mean Beck scores for each diagnostic sei- 
zure group, broken down for right- and left- 
handers in each group. Solid bars indicate 
left-handers; slashed bars, right-handers; 
TLE, temporal lobe epilepsy; and absence, 
absence seizures. 


each group is too small to make any 
definitive statements regarding this. It 
has been suggested that the expression 
of left-handedness may signal the 
presence of early brain damage.? 
Early injury to the left side of the 
brain combined with a left temporal- 
limbic seizure focus may significantly 
predispose to depression by causing 
additive functional impairment. 
Therefore, this combination of insults 
may lead to behavioral symptoms such 
as depression that are similar to those 
of more extensive left hemisphere de- 
struction in stroke or inactivation with 
intracarotid amytal injection. To our 
knowledge, the role of handedness sep- 





A. Í 


arately or in combination with lesion. 4 


focus in affecting mood in epileptic pa-' 


tients has not previously been ex- 
plored. 

The highest depression scores in the 
left TLE group were found in males— 
four in the moderate range, and one in 
the severe range. In the absence group, 
two patients had severe depression 
and both were male. While the psychi- 
atry literature indicates that depres- 
sion is more common in females,” a 
review of the neurology literature sug- 
gests that male gender in epileptics 
may be associated with increased vul- 
nerability to depression and psycho- 
pathology.** Hawton et al found 
that men with epilepsy were overrep- 
resented in a study of attempted sui- 
cide: the rate of epilepsy among males 
who attempted suicide was approxi- 
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Table 3.—Depression by Severity Category * 


Moderate-Severe 
Depression, 
Beck Score >20 


Mild Depression, 
Beck Score 
11 to 16 


Not Depressed, 
Beck Score <10 


Left TLE 5t 





Depression, 
Beck Score 
17 to 20 


4 








Right TLE 16 
Bilateral 17 








Absence 11 





*TLE indicates temporal lobe epilepsy. 
+The number of patients in each category. 














Table 4.—Patients With Depression in Epilepsy Groups * 
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No Depression, Depression, 
Beck Score <10, No. (%) Beck Score >10, No. (%) Total No. 
Left TLE 5 (27.3) 13 (72.7) 18 
Right TLE 16 (76.2) 5 (23.8) 21 
Bilateral TLE 17 (85.0) 3 (15.0) 20 
Absence 11 (68.8) 5 (31.2) 16 





"x? = 15.2; df = 3; P = .001. TLE indicates temporal lobe epilepsy. 


B Male 
E Female 


Beck Score 
a 


10 


A E oF 
as "d po 


_ Epilepsy Group 
Fig 3.—Mean Beck score by sex. Mean Beck 
scores for each diagnostic seizure group bro- 
ken down by sex in each group. Solid bars in- 
dicate males; slashed bars, females; and TLE, 
temporal lobe epilepsy. 


mately double that for females, while 
population rates of epilepsy for the two 
sexes remained equal. The findings by 
Stores* in 10- and 11-year-olds suggest 
that both maleness and left temporal 
lobe focus may be significant determi- 
nants of psychopathology. Lindsay et 
al? also noted that male gender and 
left-handedness were associated with 
the development of psychopathology 
in schoolchildren with TLE followed 


e UD into adulthood. 


It is noteworthy that the bilateral 
TLE group, while having the highest 
rate of unemployment, had the lowest 
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mean depression score and the lowest 
rate of depression. This is inconsistent 
with the view that patients with epi- 
lepsy suffer from depression secondary 
to being disabled by their illness, and 
that those who are most disabled (as 
reflected by their inability to work) 
may be most depressed. In depressed 
psychiatric patients, bilateral electro- 
convulsive therapy (ECT) seems to in- 
duce an antidepressant response more 
quickly than unilateral ECT, and in 
some studies it is believed to be more 
efficacious as an antidepressant. More 
intriguing are two studies that com- 
pared the efficacy of right vs left uni- 
lateral ECT; both found ECT to the left 
hemisphere to be less effective in re- 
lieving depression than ECT to the 
right.*^ These studies raise the possi- 
bility that our left TLE sample may be 
more depressed than the right, bilat- 
eral, and absence groups because their 
seizures are least effective in protect- 
ing against depression. 

We were unable to confirm previous 
reports of interictal anxiety in pa- 
tients with temporal lobe epilepsy and, 
in particular, left TLE.’ In previous 
studies where anxiety has been ob- 
served to be high in patients with ep- 
ilepsy, it has been reported in patients 
who concurrently are depressed. The 
high anxiety levels reported by previ- 
ous investigators may have been re- 
lated to severe depression. In our 
sample with less severe depression, 
high levels of anxiety did not exist. The 
incidence of anxiety in epilepsy as a 
psychiatric entity separate from de- 
pression deserves further exploration. 

There are several limitations to this 
study. First, the Beck Depression In- 
ventory was the only scale used to as- 
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sess depression. While it has high va- 
lidity, it is a self-report. Bear and 
Fedio? studied patients with left and 
right TLE and found that on self- 
report, patients with left TLE de- 
scribed themselves as more depressed 
than did patients with right TLE. 
These investigators found that pa- 
tients with left TLE exaggerated neg- 
ative traits or “tarnished” themselves, 
whereas patients with right TLE 
denied or minimized negative traits, 
and "polished" their images.?'^ Thus, 
while there appears to be a consensus 
that patients with left-sided lesions 
feel more depressed, an objective ob- 
server rating of the same patients 
would be valuable to further confirm 
the patients' symptoms. Future stud- 
ies should include both observer and 
self-ratings. Also, while our study 
demonstrated a significant elevation 
in Beck scores in the left TLE group, 
the mean score for the group was in the 
mildly depressed range. Other investi- 
gators who have used depression scales 
to report depression associated with 
epilepsy have demonstrated a more se- 
vere degree of depression than we found 
in our sample.**? This discrepancy may 
be partially explained in two ways. 
First, unlike previous studies, we did 
not preselect for a group of patients 
who both had epilepsy and met psychi- 
atric criteria for depression. Rather, we 
examined a population of hospital in- 
patients and outpatients who were suf- 
fering from epilepsy and looked for the 
prevalence of depressive symptoms. 
Second, a large proportion of our study 
population consisted of patients who 
had been referred for surgical evalua- 
tion. Patients with more serious psy- 
chopathology may have been excluded 
prior to entry into the evaluation pro- 
cess for surgery. Our study supports the 
notion that neural substrates subserv- 
ing mood may be asymmetrically rep- 
resented and that the lateralization of 
the brain lesion may be important to 
the development of a mood disturbance. 


We thank Devera G. Schoenberg, MS, for edit- 
ing the manuscript; Teresa Huggins and John 
Bartko, PhD, for their assistance in the statisti- 
cal analyses; and Fritz Dreifuss, MD, and Nancy 
Santilli, RN, for patient referrals. 
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etficacy of valproate in chronic use is not affected. Experience employing dosing regimens from once-a-day to four-times-a-day, as well as 
Studies in primate epilepsy models involving constant rate infusion, indicate that total daily systemie bioavailability (extent of absorption) is 
the primary determinant of seizure contro! and that differences in the ratios of plasma peak to trough concentrations between valproate 
formulations are inconsequential from a practical clinical standpoint 

Accordingly, coadministration of oral valproate products with food, and substitution among the various DEPAKOTE and DEPAKENE 
formulations should cause no clinical problems (see DOSAGE AND ADMINISTRATION) Nonetheless, any changes in dosage administration 
or the addition or discontinuance of concomitant drugs. should ordinarily be accompanied by close monitoring of clinical status and 
valproate plasma concentrations 

he plasma half-life of valproate is typically in the range of six to sixteen hours Half-lives in the lower part of the range are usually found 
in patients taking other antiepileptic drugs capable of enzyme induction 

'alproate is pam metabolized in the liver. The major metabolic routes are glucuronidation, mitochondrial beta oxidation, and 
microsomal oxidation The major metabolites formed are the glucuronide conjugate, 2-propyl-3-keto-pentanoic acid, and 2 DOE. 
hydroxypentanoic acids Other unsaturated metabolites have been reported, The major route of elimination of these metabolites is in the 
urine. 

Patients on monotherapy will generally have longer half-lives and MAT concentrations of valproate at a given dosage than patients 
receiving polytherapy. This is primarily due to enzyme induction caused by other antiepileptics, which results in enhanced clearance of 
valproate by glucuronidation and microsomal oxidation Because of these changes in val proma clearance. monitoring of antiepileptic 
concentrations should be intensified whenever concomitant antiepileptics are introduced or withdrawn. 

The therapeutic range is commonly considered to be 50 to 100 mcg/ml of total valproate. although some patients may be controlled with 
plasma concentrations that fall outside this range. Valproate is highly bound (90%) to plasma proteins in the therapeutic range. however. 
protein binding i$ concentration-dependent and decreases at high valproate concentrations. The binding is variable among patients, and may 

je affected by fatty acids or by highly bound drugs such as salicylate Some clinicians favor monitoring free valproate concentrations, whic! 
may more accurately reflect CNS penetration of valproate As yel, a consensus on the therapeutic range of free concentrations has not been 
established; however, monitoring total and free valproate may be informative when there are changes in clinical status, concomitant 
medication or valproate dosage. 


INDICATIONS AND USAGE 
DEPAKOTE (divalproex sodium) is indicated for use as sole and adjunctive therapy in the treatment of simple and complex absence seizures. 
and adjunctively in patients with multiple seizure types that include absence seizures. 

Simple absence is defined as very brief clouding of the sensorium or loss of consciousness. accompanied by certain generalized epileptic 
discharges without other detectable clinical signe omplex absence is the term used when other signs are also present. 

SEE WARNINGS FOR STATEMENT REGARDING FATAL HEPATIC DYSFUNCTION 


CONTRAINDICATIONS 
DIVALPROEX SODIUM SHOULD NOT BE ADMINISTERED TO PATIENTS WITH HEPATIC DISEASE OR SIGNIFICANT DYSFUNCTION 
Divalproex sodium is contraindicated in patients with known hypersensitivity to the drug. 


WARNINGS 
Hepatic failure resulting in fatalities has occurred in patients receiving valproic acid. These incidents usually have occurred during the 
fatal hepatotoxicity may 
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roducts to patients with a prior nman of 
bolic disorders, those with severe seizure disorders accompa! 
organic brain disease m: at particular risk. Experience has indicated that children unt ly 
increased risk of develo; fatal hepatotoxicity, especially those with the ioned conditions. When DEPAKOTE is used in this 
patient group, it should be used with extreme caution and as a sole agent. TI its of seizure control should be Che pa against the 
us nad this age group, expe: has indicated that the incidence of fat jatotoxicity decreases considerably in progressively 
older patient groups. 
The drug si ould be discontinued immediately in the presence of significant hepatic dystunction, suspected or apparent. In some 
cases, hepatic dysfunction has progressed in of discontinuation of i, 
The frequency of adverse effects (particularly elevated liver enzymes) may be dose-related The benefit of improved seizure control which 
may accompany the higher doses should therefore be weighed against the possibility of a greater incidence of adverse effects. 
sage in proga " ACCORDING TO PUBLISHED AND UNPUBLISHED REPORTS, VALPROIC ACID MAY PRODUCE TERATOGENIC 
EFFECTS IN THE OFFSPRING OF HUMAN FEMALES RECEIVING THE DRUG DURING PREGNANCY 
THERE ARE MULTIPLE REPORTS IN THE CLINICAL LITERATURE WHICH INDICATE THAT THE USE OF ANTIEPILEPTIC DRUGS DURING 
PREGNANCY RESULTS IN AN INCREASED INCIDENCE OF BIRTH DEFECTS IN THE OFFSPRING. ALTHOUGH DATA ARE MORE EXTENSIVE 
WITH RESPECT TO TRIMETHADIONE, PARAMETHADIONE. PHENYTOIN, AND PHENOBARBITAL REPORTS INDICATE A POSSIBLE SIMILAR 
ASSOCIATION WITH THE USE OF OTHER ANTIEPILEPTIC DRUGS. THEREFORE, ANTIEPILEPTIC DRUGS SHOULD BE ADMINISTERED TO 
WOMEN OF CHILDBEARING POTENTIAL ONLY IF THEY ARE CLEARLY SHOWN TO BE ESSENTIAL IN THE MANAGEMENT OF THEIR 


SEIZURES. 

THE INCIDENCE OF NEURAL TUBE DEFECTS IN THE FETUS MAY BE INCREASED IN MOTHERS RECEIVING VALPROATE DURING THE 
FIRST TRIMESTER OF PREGNANCY THE CENTERS FOR DISEASE CONTROL eee) HAS ESTIMATED THE RISK OF VALPROIC ACID 
EXPOSED WOMEN HAVING CHILDREN WITH SPINA BIFIDA TO BE APPROXIMATELY 1 TO 2% ' THIS RISK IS SIMILAR TO THAT FOR NON: 
EPILEPTIC WOMEN WHO HAVE HAD CHILOREN WITH NEURAL TUBE DEFECTS (ANENCEPHALY AND SPINA BIA 

ANIMAL STUDIES ALSO HAVE DEMONSTRATED VALPROATE INDUCED TERATOGENICITY Studies in rats and human females 
demonstrated placental transfer of the drug. Doses greater than 65 mg/kg/day given to pregnant rats and mice produced skeletal 
abnormalities in the offspring, primarily involving ribs and vertebrae. doses greater than 150 mg/kg/day given to pregnan rabbits produced 
fetal resorptions and ormai, soft-tissue abnormalities in the offspring. In rats a dose-related delay in the onset of parturition was noted. 
Postnatal growth and survival of the progeny were adversely affected. particularly when drug administration spanned the entire gestation and 
early lactation period 

Ahtepileptic drugs should not be discontinued in patients in whom the drug is administered to prevent major seizures because of the 
strong possibility of precipitating status epilepticus with attendant hypoxia and threat to life In individual cases where the severity and 
frequency of the seizure disorder are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the 
drug may be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor seizures do not pose 
some hazard to the developing embryo or fetus. 

The prescribing physician will wish to weigh these considerations in treating or counseling epileptic women of childbearing potential. 


PRECAUTIONS 
Hepatic Eyton See BOXED WARNING, CONTRAINDICATIONS AND WARNINGS. 

General’ Because of reports of thrombocytopenia, inhibition of the secondary phase of platelet aggregation, and abnormal coagulation 

arameters, platelet counts and coagulation tests are recommended before initiating therapy and at periodic intervals. It is recommended 

frat patients receiving DEPAKOTE (divalproex sodium) be monitored tor platelet count and coagulation parameters prior to planned surgery. 
Evidence of hemorrhage, bruising or a disorder of hemostasis/coagulation is an indication for reduction of the dosage or withdrawal of 
therapy 

Hyperammonemia with or without enar or coma has been reported and may be present in the absence of abnormal liver function tests 
It clinically significant elevation occurs, DEPAKOTE products should be discontinued 

Since valproate may interact with concurrently administered antiepileptic drugs, periodic plasma concentration determinations of 











AN INNOVATION 
IN ANTICONVULSANT 
DOSAGE TECHNOLOGY 


concomitant antiepileptic drugs are recommended during the early course of itani (See DRUG INTERACTIONS). 

Valproate is partially eliminated in the urine as a keto-metabolite which may lead fo a false interpretation of the urine ketone test 

There have been reports of altered thyroid function tests associated with valproate. The clinical significance of these is unknown 

Information for Patients: Since DEPAKOTE products may produce CNS depression, especially when combined with another CNS 
depressant (e.g., Benno; patients should be advised not to engage in hazardous activities. such as driving an automobile or operating 
ngaras machinery, until it is known that they do not become drowsy from the drug. 

rug Interactions. Valproate may potentiate the CNS depressant activity of alcohol 

The concomitant administration of valproate with drugs that exhibit extensive protein binding (e g.. aspirin, carbamazepine, dicumaro! and 
phano) qay result in alteration of serum drug concentrations 

THERE IS EVIDENCE THAT VALPROATE CAN CAUSE AN INCREASE IN SERUM PHENOBARBITAL CONCENTRATIONS BY IMPAIRMENT OF 
NONRENAL CLEARANCE. THIS PHENOMENON CAN RESULT IN SEVERE CNS DEPRESSION. THE COMBINATION OF VALPROATE AND 


CI 
MONITORED FOR NEUROLOGICAL TOXICITY SERUM BARBITURATE CONCENTRATIONS SHOULD BE OBTAINED, IF POSSIBLE, AND THE 
BARBITURATE DOSAGE DECREASED, IF APPROPRIATE 

Primicone is metabolized to a barbiturate and, therefore, may also be involved in a similar or identical interaction 

THERE HAVE BEEN REPORTS OF BREAKTHROUGH SEIZURES OCCURRING WITH THE COMBINATION OF VALPROATE AND PHENYTOIN 
MOST REPORTS HAVE NOTED A DECREASE IN TOTAL PLASMA PHENYTOIN CONCENTRATION. HOWEVER., INCREASES IN TOTAL 
PHENYTOIN SERUM CONCENTRATION HAVE BEEN REPORTED. AN INITIAL FALL WITH SUBSEQUENT INCREASE IN TOTAL PHENYTOIN 
CONCENTRATIONS HAS ALSO BEEN REPORTED. IN ADDITION, A DECREASE IN TOTAL SERUM PHENYTOIN WITH AN INCREASE IN THE 
FREE VS. PROTEIN BOUND PHENYTOIN CONCENTRATIONS HAS BEEN REPORTED THE DOSAGE OF PHENYTOIN SHOULD BE ADJUSTED 
AS REQUIRED BY THE CLINICAL SITUATION 

THE CONCOMITANT USE OF VALPROIC ACID AND CLONAZEPAM MAY PRODUCE ABSENCE STATUS 

There s inconclusive evidence regarding the effect of valproate on serum ethosuximide concentrations. Patients receiving valproate and 
ethosuximide, especially along with other anticonvulsants, should be monitored for alterations in serum concentrations of both drugs 

Caution is recommended when valproate is used with drugs affecting coagulation (e.g., aspirin, warfarin) See ADVERSE REACTIONS 

Evidence suggests that there is an association between the use of certain antiepileptics and failure of oral contraceptives. One explanation 
for this interaction is that enzyme-inducing antiepileptics effectively lower plasma concentrations of the relevant steroid hormones, resulting 
in unimpaired ovulation. However, other mechanisms, not related to enzyme induction, may contribute to the failure of oral contraceptives 
While valproate is not a significant enzyme inducer, and, therefore, would not be expected to decrease concentrations of steroid hormones. 
clinical data about the interaction of valproate with oral contraceptives is minimal. 

Carcinogenesis; Valproic acid was administered to Sprague Dawley rats and ICR (HAVICR) mice at doses of 0, 80 and 170 mg/kg/day for 
two years A variety of neoplasms were observed in both species. The chief findings were a statistically significant increase in the incidence 
0f subcutaneous fibrosarcomas in high dose male rats receiving valproic acid and a statistically significant dose-related trend for benign 
pulmonary adenomas in male mice receiving valproic acid. The significance of these findings for humans is unknown. 

Mutagenesis: Studies on valproate have been pertormed using bacterial and mammalian systems. These studies have provided no 
evidence cf a mutagenic potential tor valproate. 

Fertility. Chronic toxicity studies in juvenile and adult rats and dogs demonstrated reduced apena ge and testicular atrophy at 
doses greater than 200 mg/kg/day in rats and greater than 90 gg in goos, Rea 1 fertility studies in rats have shown doses up to 

FECT OF VALPROATE ON TESTICULAR DEVELOPMENT AND ON SPERM 


350 m day for 60 days to have no effect on fertility. THE 
PRODUCTION AND FERTILITY IN HUMANS IS UNKNOWI 
Pregnancy. Pregnancy Category D: See WARNINGS. 
Nursing Mothers: Valproate is excreted in breast milk. Concentrations in breast milk have been reported to de 1-10% of serum 


concentrations. It is not known what effect this would have on a nursing infant. Caution should be exercised when divalproex sodium is 
administered to à nursing woman 


ADVERSE REACTIONS 
Since divalproex sodium has usually been used with other antiepileptic drugs, it is not possible, in most cases, to determine whether the 
following adverse reactions can be ascribed to divalproex sodium alone, or the combination of drugs 

Gastrointestinal: The most commonly reported side effects at the initiation of therapy are nausea, vomiting and indigestion. These effects 
are usually transient and rarely require discontinuation of therapy. Diarrhea, abdominal cramps and constipation have been reported. Both 
anorexia with some weight loss and increased appetite with weight fun have also beeg reported. The administration of delayed-release 
divalproex sodium may result in reduction of gastrointestinal side effects in some patients. 

CNS Effects: Sedative effects have occurred in patients receiving valproate alone but occur most often in patients receiving combination 
therapy. Sedation usually abates upon reduction of other antiepileptic medication. Tremor (may be dose-related), ataxia, headache 
nystagmus, diplopia, asterixis, "spots before eyes,” dysarthria, dizziness and incoordination. Rare cases of coma have occurred in patients 
receiving valproate alone or in conjunction with phenobarbital 

Dermatologic: Transient hair loss, skin rash, photosensitivity, generalized pruritus and erythema multitorme. A case of fatal epidermal 
necrolysis has been reported in a 6 month old infant taking valproate and several other concomitant medications 

Psychiatric: Emotional upset, depression, psychosis, aggression, hyperactivity and behavioral deterioration 

Musculoskeletal: Weakness. 

(amnion Thrombocytopenia and inhibition of the secondary phase af peier A ear may be reflected in altered bleeding time. 
etechiae, bruising, hematoma formation and frank hemorrhage (see PRECAUT - General and Drug Interactions). Relative 
mphocytosis, hypofibrinogenemia. leukopenia, gosinog anemia and bone marrow suppression. 

lepatic. Minor elevations of transaminases (e.g., SGOT and SGPT) and LDH are frequent and appear to be dose related. Occasionally. 
laboratory test results include increases in serum bilirubin and abnormal changes in other liver function tests. These results may reflect 
potentially serious hepatotoxicity (see WARNINGS) 

Endocrine: Irregular menses, secondary amenorrhea, breast enlargement, galactorrhea and parotid gland swelling Abnormal thyroid 
function tests (see PRECAUTIONS) 

Pancreatic. Acute pancreatitis (including rare fatal cases) 

Metabolic. Hyperammonemia (see PRECAUTIONS). 

H [perglicnema has occurred and was associated with a fatal outcome in a patient with preexistent nonketotic hyperglycinemia. 

ther: Edema of the extremities 


OVERDOSAGE 
Overdosage with valproate may result in deep coma 

The benefit of gastric lavage or emesis will vary with the time since ingestion. General supportive measures should be applied with 
particular attention to the maintenance of adequate urinary output 

Naloxone has been reported to reverse the CNS depressant effects of va proate overdosage Because naloxone could theoretically also 
reverse the antiepileptic effects of valproate, it should be used with caution 


DOSAGE AND ADMINISTRATION 
DEPAKOTE tablets and Sprinkle capsules are administered orally. The recommended initial dose is 15 mg/kg/day, increasing at one week 
intervals by 5 to 10 mg/kg/day until seizures are controlled or side effects preclude further increases. The maximum recommended dosage is 
60 rid If the total daily dose exceeds 250 Tg, it should be gun in à divided regimen 

Iministrauon of Sprinkle Capsule: DEPAKOTE Sprinkle capsules may be swallowed whole or may be administered by carefully opening 
the capsule and sprinkling the entire contents on a small amount (teaspoonful) of soft food such as applesauce or pudding. The drug/toor 
mixture should be swallowed immediately void chewing) and not stored for tuture use. Each capsule is oversized to allow ease of opening. 

Conversion from DEPAKENE to DEPAKOTE: In patients previously receiving DEPAKENE (valproic aoa) therapy, DEPAKOTE products 
should be initiated at the same daily dose and dosing Schedyle. After the patient is stabilized on a DEPAKOTE product, a dosing schedule of 
two or three times a day may be elected in selected patients. 

DEPAKOTE products. provide equal extent of absorption, although they may not produce identical trough and peak valproate 
concentrations. DEPAKOTE tablets produce slightly Hones peak concentrations than DEPAKOTE Sprinkle capsules. Such differences in the 
maximum and minimum valproate plasma concentrations are unlikely to be of clinical significance, however, changes in dosage 
administration of valproate or concomitant medications should be accompanied by increased monitoring of plasma concentrations of 
valproate and other medications, as well as the patient's clinical status 

he frequency of adverse effects (particularly elevated liver enzymes) may be dose-related The benefit of improved seizure control with 
higher doses snould be weighed against the possibility of a greater incidence of adverse reactions 

‘A good correlation has not been established between daily dose, serum concentration and therapeutic effect. However, therapeutic 
valproate serum concentrations for most patients will range from 50 to 100 mcg/ml. Some patients may be controlled with lower or highet 
serum concentrations (see CLINICAL PHARMACOLOGY), 

CE d dosage is titrated upward. blood concentrations of phenobarbital and/or phenytoin may be affected (See 
U ) 

Patients whe experience G. |. irritation may benefit from administration of the drug with food or by slowly building up the dose from an 
initial low level 
HOW SUPPLIED 
DEPAKOTE Sprinkle capsules (divalproex Sedum goai particles in ERIS 125 mg, are white opaque and blue, and are supplied in 
bottles of 100 (NDC 0074-6114-13) and Abbo-Pac® unit dose packages of 100 (NDC 0074-6114-11) 

DEPAKOTE tablets (divalproex sodium delayed-release tablets) are supplied as 

125 mg salmon pink-colored tablets 

Bottles of 100 (NDC 0074-6212-13) 
Abbo-Pac® unit dose packages of 
100 (NDC 0074-6212-11). 
250 mg peach-colored tablets 
Bottles of 100 (OC 0074-6214-13) 
Bottles of 500 NDC 0074-6214-53 


Anbo-Pac® unit dose package of 


(NDC 0074-6214-11) 
500 mg lavender-colored tablets. 
Bottles of 100 - Noe 0074-6215-13. 
Bottles of 500 NDC 0074-6215-53 
Abbo-Pac? unit dose packages of 
100 (NDC 0074-6215-11) 


Store capsules below 86°F (30*C) 
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(bromocrpine mesylate) 


PARLODEL® Retroperitoneal fibrosis has been reported in a few patients receiving long-term 
SnapTabs™ (bromocriptine mesylate) TABLETS, USP therapy (2-10 years) with Parlodel® (bromocriptine mesylate) in doses ranging from 
(bromocriptine mesylate) CAPSULES 30 to 140 mg daily. 

DRUG INTERACTIONS 
INDICATIONS AND USAGE Lack or decrease in efficacy may occur in patients receiving Parlodel® (bromocrip- 
Parkinson 's Disease : z gs j tine mesylate) when they are treated concurrently with drugs which have dopamine 
Parlodel* (bromocriptine mesylate) SnapTabs™ or capsules are indicated in the A antagonist activity e.g. phenothiazines, butyrophenones. This may be a problem par- 
treatment ofthe signs and symptoms of idiopathic or postencephalitic Parkinson's ticularly for patients treated with Parlodel® (bromocriptine mesylate) for macro- 
disease. As adjunctive treatment to levodopa (alone or with a peripheral decar- adenomas. Although there is no conclusive evidence demonstrating interactions be- 


boxylase inhibitor), Parlodel® (bromocriptine mesylate) therapy may provide addi- tween Parlodel® (bromocriptine mesylate) and other ergot derivatives, the concomi- 
tional therapeutic benefits in those patients who are currently maintained on optimal tant use of these medications is not recommended. 

dosages of levodopa, those who are beginning to deteriorate (develop tolerance) to 

levodopa therapy, and those who are experiencing “end of dose failure” on levodopa ADVERSE REACTIONS 

therapy. Parlodelé (bromocriptine mesylate) therapy may permita reduction of the Parkinson's Disease - e: , A 
maintenance dose of levodopa and, thus, may ameliorate the occurrence and/or In clinical trials in which bromocriptine was administered with concomitant reduc- 
severity of adverse reactions associated with long-term levodopa therapy suchasab- tOn in the dose of levodopa/carbidopa, the most common newly appearing adverse 
normal involuntary movements (e.g., dyskinesias) and the marked swingsin motor — leactions were: nausea, abnormal involuntary movements, hallucinations, confu- 
function (“on-off” phenomenon). Continued efficacy of Parlodel® (bromocriptine sion, “on-off” phenomenon, dizziness, drowsiness, faintness/fainting, vomiting, as- 
mesylate) therapy during treatment of more than two years has not been established. thenia, abdominal discomfort, visual disturbance, ataxia, insomnia, depression, 


, sion rt S ipati igo. 

Data are insufficient to evaluate potential benefit from treating newly diagnosed liy SIRA VPE QS CSREES n antici linens : n M 
Parkinson's disease with Parlodel® (bromocriptine mesylate). Studies have shown, Less common adverse reactions which may be encountered include: anorexia, anxi- 
however, significantly more adverse reactions (notably nausea, hallucinations, con- — €* blepharospasm, dry mouth, dysphagia, edema ofthe feet and ankles, erythro- 
fusion and hypotension) in Parlodel® (bromocriptine mesylate ) treated patients than melalgia, epileptifor m seizure, fatigue, headache, lethargy, mottling of skin, nasal 
in levodopa/carbidopa treated patients. Patients unresponsive to levodopa arepoor  Stuffiness, nervousness, nightmares, paresthesia, skin rash, urinary frequency, uri- 
candidates for Parlodel® (bromocriptine mesylate) therapy. nary incontinence, urinary retention, and rarely, signs and symptoms of ergotism 

3 such as tingling of fingers, cold feet, numbness, muscle cramps of feet and legs or 


CONTRAINDICATIONS Í Ut ] exacerbation of Raynaud's Syndrome. 

Uncontrolled hypertension, toxemia of pregnancy, sensitivity to any ergot alkaloids. Mean n ; , " 
Abnormalities in laboratory tests may include elevations in blood urea nitrogen, 

WARNINGS aucto» . " SGOT, SGPT, GGPT, CPK, alkaline phosphatase and uric acid, which are usually tran- 

Since hyperprolactinemia with amenorrhea/galactorrhea and infertility has been sientand not of clinical significance. 7 

found in patients with pituitary tumors a complete evaluation of the pituitary is indi- 

cated before treatment with Parlodel® (bromocriptine mesylate). Pe lia ADMINISTRATION 

If pregnancy occurs during Parlodel® (bromocriptine mesylate) administration, Itis recommended that Parlodel® (bromocriptine mesylate) be taken with food. Pa- 


careful observation of these patients is mandatory. Prolactin-secreting adenomas may tients should be evaluated frequently during dose escalation to determine the lowest 
expand and compression of the optic or other cranial nerves may occur, emergency dosage that produces a therapeutic response. 

pituitary surgery becoming necessary. In most cases, the compression resolves 4 

following delivery. Reinitiation of Parlodel® (bromocriptine mesylate) treatment has Parkinson's Disease " gu "Caes 

been reported to produce improvement in the visual fields of patients in whom The basic principle of Parlodel* (bromocriptine mesylate ) therapy is to initiate treat- 
nerve compression has occurred during pregnancy. The safety of Parlodel® (bromo- Mentata low dosage and, on an individual basis, increase the daily dosage slowly 


ipti 1 tduri stoth ther and fetus has until a maximum therapeutic response is achieved. The dosage of levodopa during 
Edna ind ise) ceeqmant during pregnancy to the mother qodifecus has nbgfseen this introductory period should be maintained, if possible. The initial dose of 


: E : mw , ais ; Parlodel* (bromocriptine mesylate) is 2 of a 2/2 mg SnapTab™ twice daily with 
Symptomatic hypotension can occur in patients treated with Parlodel* (bromocrip- meals. Assessments are advised at two week intervals during dosage titrationtoen- 4.4 


tine mesylate) for any indication. sure that the lowest dosage producing an optimal therapeutic response is not ex- 
Long-term treatment (6-36 months) with Parlodel® (bromocriptine mesylate) in ceeded. If necessary, the dosage may be increased every 14 to 28 days by 22 mg per 
doses ranging from 20-100 mg/day has been associated with pulmonary infiltrates, day with meals. Should it be advisable to reduce the dosage of levodopa because of 


pleural effusion and thickening of the pleura in a few patients. In those instancesin adverse reactions, the daily dosage of Parlodel® (bromocriptine mesylate), if in- 
which Parlodel® (bromocriptine mesylate) treatment was terminated, the changes creased, should be accomplished gradually in small (22 mg) increments. 


slowly reverted towards normal. The safety of Parlodel® (bromocriptine mesylate) has not been demonstrated in dos- 
PRECAUTIONS ages exceeding 100 mg per day. 
General HOW SUPPLIED 


Safety and efficacy of Parlodel® (bromocriptine mesylate) have not been established  §napTabs™, 22mg 


in patients with renal or hepatic disease. Care should be exercised when administer- Round, white, scored SnapTabs™, each containing 2/2 mg bromocriptine (as the 
ing Parlodel® (bromocriptine mesylate) therapy concomitantly with other medica- ^ mesylate) in packages of 30 (NDC 0078-0017-15) and 100 (NDC 0078-0017-05). 


tions known to lower blood pressure. Embossed “PARLODEL 212” on one side and scored on reverse side. 

Parkinson’s Disease Capsules, 5 mg 

Safety during long-term use for more than two years at the doses required for parkin- Caramel and white capsules, each containing 5 mg bromocriptine (as the mesylate) 
sonism has not been established. in packages of 30 (NDC 0078-0102-15) and 100 (NDC 0078-0102-05). Imprinted 


As with any chronic therapy, periodic evaluation of hepatic, hematopoietic, cardiovas- "PARLODEL5 mg” on one half and "À" on other half. 
cular, and renal function is recommended. Symptomatic hypotension can occur and, 

therefore, caution should be exercised when treating patients receiving antihyper- | PAR-Z20  — 7/15/88 

tensive drugs. 


High doses of Parlodel® (bromocriptine mesylate) may be associated with confusion 


and mental disturbances. Since parkinsonian patients may manifest mild degrees of 
dementia, caution should be used when treating such patients. 





Adverse reactions reported with PARLODEL® (bromocriptine mesylate) are 
similar to those of levodopa; however, significantly more nausea, hallucina- 


tions, confusion and hypotension have been reported in patients treated with + 
Parlodel® (bromocriptine mesylate) administered alone or concomitantly with PARLODEL therapy. Many of these side effects can be ameliorated with dosage 
levodopa may cause hallucinations (visual or auditory). Hallucinations usually adjustments. 


resolve with dosage reduction; occasionally, discontinuation of Parlodel® (bromo- 
criptine mesylate) is required. Rarely, after high doses, hallucinations have persisted 


for several weeks following discontinuation of Parlodel® (bromocriptine mesylate). SANDOZPHARMACEUTICALS 

As with levodopa, caution should be exercised when administering Parlodel® Corporation, E. Hanover, NJ 07936 (201) 503-7500 

(bromocriptine mesylate) to patients with a history of myocardial infarction who 

have a residual atrial, nodal, or ventricular arrhythmia. © 1989 Sandoz Pharmaceuticals Corporation PAR-188-15R 1/89 





Paroxysmal Nocturnal Dystonia Presenting as 
Excessive Daytime Somnolence 


COL Micheline Maccario, MC, USA, CAP Lilian I. Lustman, MC, USA 


* We describe the clinical and electro- 
physiologic findings in seven patients re- 
ferred for evaluation of excessive daytime 
somnolence. These patients had none of 
the usual causes of excessive daytime 
somnolence but during sleep exhibited 
stereotypic body movements, tachycar- 
dia, respiratory disturbances, somniloquy, 
and transient arousals in a repetitive fash- 
ion. These episodes induced fragmenta- 
tion of sleep. The polysomnograms re- 
vealed an increase in wakefulness and 
stage | decreased rapid eye movement 
during sleep in addition to the episodes of 
abnormal body movements. No epilepti- 
form features were present either in the 
electroencephalogram or in the nocturnal 
polysomnogram. Four of the seven pa- 
tients were treated with anticonvulsants, 
with both subjective and objective im- 
provement on subsequent follow-up poly- 
somnograms. Because of the pronounced 
functional deficits associated with the 
sleep disorder in these patients, it is of 
great importance to recognize the disor- 
der and treat it appropriately. 

(Arch Neurol. 1990;47:291-294) 


Tre primary causes of excessive day- 

time somnolence (EDS) are meta- 
bolic disorders, medication abuse, 
sleep apnea, narcolepsy, and periodic 
movements of sleep; however, repeti- 
tive events inducing fragmentation of 
sleep may also cause EDS.'? While ex- 
amining patients referred to us be- 
cause of EDS, we found a significant 
number of them did not have any of the 
above-mentioned causes of EDS; in- 
stead, they exhibited repeated noctur- 
nal episodes characterized by dystonic, 
stereotypic body movements; tachy- 
cardia; and arousal or transient light- 
ening of sleep. 

This symptomatology was first de- 
scribed in 1981 by Lugaresi and 
Cirignotta who named this sleep dis- 
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order hypnogenic paroxysmal dysto- 
nia (HPD). The patients examined by 
these authors had presented with noc- 
turnal agitation, which was also the 


presenting symptomatology in other 
reports.** 

We describe the clinical and poly- 
somnographic features of those pa- 


Table 1.—Results of Electrophysiological Studies * 
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"A + | indicates awake and stage | (sleep); REM, rapid eye movement. 


Not applicable, no multiple sleep latency test before treatment. 
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tients referred to Letterman Army 
Medical Center, Presidio of San Fran- 
cisco, Calif, for the evaluation of EDS 


Table 2.— Characteristics of Paroxysmal Events 







a calis Leg Jerks, 
who exhibited the characteristic fea- Heart Rate Body Movement, 
tures of HPD. Mean  Before/During Submental 

Case No. of Duration, Episode, Respiratory Electromyographic 
PATIENTS AND METHODS No. Treatment Events s Beats/min Changes Bursts 
a 1 m 11 23.0 48/84 Yes Yes 
We reviewed the records of 68 pa- 
: 2 E 10 21.6 60/86 Yes Yes 
tients referred to Letterman Army 
: 3 iab 12 15.0 62/90 No Yes 
Medical Center for EDS from January 
4 m 8 96.0 60/ 124 Yes Yes 
1986 through July 1988. Seven of these e. 
atients had paroxysmal episodes dur- iA Seal AL t = 
p : Valproic acid 2 30.0 60/140 Yes Yes 
ing nocturnal or diurnal sleep and 
: 5 v 16 19.0 72/120 Yes Yes 
were chosen as study subjects. None of — = 
these patients had the usual causes of Seam. EE = e 187 = = 
EDS Phenobarbital and d 8.2 72/112 Yes Yes 
k : P , trifluoperazine 
We examined all seven patients with hydrochloride 
a nocturnal 7-hour sleep study using a 6 Ld »100 1.5 NAt Yes Yes 
Grass polysomnograph with four Imipramine 42 1.0 NAt Yes Yes 


channels of  electroencephalogram 
(EEG), one channel of electrocardio- 
gram, two channels of electromyo- 
gram (submental and anterior tibial 
muscles), and four channels of respi- 
ration monitor (nasal and oral airflow 
as well as chest and abdomen moni- 
tors). 

The polysomnograms were scored 
according to standard parameters,’ 
and the duration and number of epi- 
sodes as well as the heart rate (9 sec- 
onds prior to the onset of the episodes 
and 9 seconds during the maximum 
degree of tachycardia associated with 
the episode) were recorded for each 
episode and were subsequently aver- 
aged for each of the seven patients 
(Tables 1 and 2). On the day after the 
polysomnogram study, four of the 
seven patients underwent a multiple 
sleep latency test, consisting of four 
20-minute naps 2 hours apart. 

Each of the patients completed a 
questionnaire detailing sleep and daily 
activities, and each had a neurological 
examination, psychometric study, au- 
diometric evaluation, EEG, and com- 
puted tomographic scan or magnetic 
resonance imaging examination of the 
head (Table 3). Four patients were 
treated with anticonvulsants and re- 
studied after treatment (Tables 1 and 
2); 

REPORT OF CASES 

Case 4.—A 50-year-old physician on ac- 
tive duty was referred to us after being ob- 
served to exhibit tonic movements while 
asleep during a conference. These episodes 
had occurred during sleep for the past 8 
years, with recent increase in frequency. 
The patient awakened several times at 
night shouting, his heart pounding. In one 
instance he broke his elbow falling out of 
bed. During daytime, he felt tired and often 
fell asleep during conferences. The patient 
was not taking medications and denied to- 
bacco, alcohol, or drug use. 

His physical and neurological findings 
were normal, as were an EEG (obtained 
while he was awake) and a cerebral mag- 
netic resonance image. Polysomnographic 
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* Patient was psychotic when receiving carbamazepine. 
+NA indicates not applicable as heart rate was not measured. 


Case No./ Age at 
Age, y/ Onset, 
Sex y 


Clinical 
Presentation 


Medical 


Waking 
Electro- 
encephalogram CT 


History 





1/21/M 19 Excessive daytime 


somnolence 


Barotrauma; infectious NL NL 
mononucleosis with 
sleep cycle inversion 





2/21/M Sleepwalking 


NL 





3/22/M Difficulty in 


awakening (Am) 


Head trauma NL 





4/50/M Excessive daytime 


somnolence 


NL 





5/25/M Excessive daytime 
somnolence, 
personality 


changes 


Head trauma 


Bifrontal sharp 
waves during 
drowsiness 





6/45/M Excessive daytime 


somnolence 


Head trauma NL 
on 2 occasions 





7/47/F Excessive daytime 


somnolence 


One run of 
paroxysmal 
theta waves 
over right 
central region 





*CT indicates computed tomographic (scan); MRI, magnetic resonance imaging; and NL, normal. 


studies (Fig 1) before and after treatment 
are summarized in Tables 1 and 2. 

Case 5.—A 25-year-old man was referred 
for EDS and personality changes that oc- 
curred in 1985 after an accident in which he 
sustained a closed head injury. He was co- 
matose for 2 weeks. Subsequently, he had 
difficulty awakening from sleep and fell 
asleep often during the day, even while 
driving. His medical history was remark- 
able for a chest and facial gun injury at age 
14 years. There was no family history of 
sleep disorders. The physical and neurolog- 
ical findings were unremarkable, except for 
decreased sensation on the left forehead as 
a sequela of the car accident. 

Laboratory test results were normal, 
with the exception of a positive hepatitis B 
surface antibody test. A daytime EEG 
showed bursts of bifrontal sharp waves 
during drowsiness and frontal rhythmic 
delta waves during stage I sleep. A com- 
puted tomographic sean of the head re- 


vealed only shotgun pellets in the left orbit. s- 


Therapy with carbamazepine (Tegretol) 
was begun, but this induced paranoid psy- 
chotic behavior, and his liver functions de- 
teriorated. A second  polysomnogram 
showed an increase in the number of epi- 
sodes. The medication was changed to phe- 
nobarbital and trifluoperazine hydrochlo- 
ride (Stelazine) with subsequent improve- 
ment. Results of the electrophysiological 
studies are summarized in Tables 1 and 2, 
and the polysomnograms are shown in 
Fig 2. 

Case 7.—A 47-year-old woman had EDS 
since her teenage years. She had handled 
this problem until 1982, when she started 
college and was unable to finish assign- 
ments or follow classes. As a teenager she 
was treated with phenytoin (Dilantin) for 
an unspecified "seizure disorder." She un- 
derwent multiple surgeries for joint dislo- 
cations, including a shoulder dislocation 
during sleep. She had been placed on a reg- 
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imen of piroxicam (Feldene), denied alcohol 
or tobacco use, and has a sister with unde- 
termined sleep difficulty. Physical findings 
were limited to mild weakness associated 
with her joint problems. All laboratory ex- 
amination results were normal. Polysom- 
nographic study results are summarized in 
Tables 2 and 3. 


RESULTS 


None of the patients had an awake 
EEG suggestive of seizure disorder. 
The polysomnograms showed abnor- 
mal sleep architecture with increased 
wakefulness and stage I sleep, in- 
creased stage III and stage IV sleep, 
and decreased or absent rapid eye 
movement (REM) as noted in Table 1. 
All patients had paroxysmal episodes 
characterized by stereotyped muscu- 
lar activity, vocalization, shift into 
lighter stages of sleep, and (in six of 
seven patients) association with heart 
rate and respiratory changes (Table 2). 

Results from multiple sleep latency 
tests in four patients prior to treat- 
ment were abnormal in two patients 
and normal in the other two patients, 
even though all patients clearly had 
EDS by history. One patient had nor- 
malization after treatment. A fifth pa- 
tient had normal multiple sleep la- 
tency test results once treated, but this 
patient had not been studied prior to 
treatment. 

Two patients were treated with val- 
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Fig 1.—Case 4. Polysomnogram segment shows normal heart rate at 60 beats per minute. Res- 
piratory rhythm is somewhat irregular. During episode, there is marked activity in first eight chan- 
nels. Heart rate accelerates to 100 beats per minute. Respiratory rhythm is more irregular and 
faster than at beginning of the segment. Body movement and vocalization are noted by techni- 
cian. EMG indicates electromyogram; ECG, electrocardiogram; EOG, electro-oculogram; Lt, left; 
Rt, right; C, central; O, occipital; and A, ear electrode. 
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Fig 2.—Case 5.—Left, Polysomnogram segment shows patient is in rapid eye movement (REM) sleep with no submental 
electromyographic (EMG) activity. Respiratory rate is 18 breaths per minute and regular. Heart rate is 68 beats per minute 
and regular. Note early appearance of EMG activity in the left (Lt) anterior tibial muscle. Center, Polysomnogram segment 
consecutive to figure at left. Note body movement with head turning and significant activity in EMG and electro- -oculographic 
(EOG) channels, with movement artifacts in electroencephalographic (EEG) channels. Tachycardia (128 beats per minute) 
and an irregular faster respiration rate (24 breaths per minute) are evident. Right, Polysomnogram segment consecutive to 
figure at center shows wakefulness activity in EEG channels and normalization of heart and respiratory rates. Total duration 
of episode is 66 seconds. Rt indicates right; C, central; O, occipital; and A, ear electrode. 
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proic acid. Two patients were placed on 
therapy with carbamazepine but had 
an untoward reaction to the medica- 
tion: one became psychotic (case 5), but 
responded to treatment with phe- 
nobarbital and trifluoperazine; the 
other (case 6) had an excellent clinical 
response, but a rash developed and this 
patient's therapy was switched to imi- 
pramine. All patients showed a sub- 
jective and objective improvement 
manifested by a decrease in the fre- 
quency and duration of the episodes 
(Table 2). Sleep architecture improved 
to a variable degree (Table 1). 


COMMENT 


The syndrome of HPD, described in 
1981 by Lugaresi and Cirignotta,! was 
initially characterized by these au- 
thors on the basis of their studies of 
five patients with polysomnograms 
and a closed circuit audiovisual system 
and was further described in subse- 
quent studies." Episodes occurred 
during non- REM sleep, consisting of 
tonie spasm and violent movements 
lasting 15 to 45 seconds, not associated 
with changes in the EEG, but accom- 
panied by changes in heart rate and 
respiration. The episodes exhibited by 
our patients were repetitive sudden 
body movements with tonic or dystonic 
posturing, head turning, leg jerking, 
and arms flailing (often over the head). 
Occasionally, the patients exhibited 
somniloquy. Although the basic pat- 
tern of these movements was common 
to all patients, each demonstrated his 
or her own stereotypic pattern. Tachy- 
cardia characteristically occurred dur- 
ing the episode and was often followed 
by apnea and transient bradycardia 
(Table 2). 

Tachycardia is a hallmark of these 
episodes. It was present in the patients 
described by Lugaresi and Cirignotta,’ 
even though the authors did not stress 
it. (See Fig 2 of their article’ and also 
Fig 1 of Lugaresi et al.'^) It was also 
present in patients described in other 
publications. (See figures for patient 1 
in Lee et al! and Fig 1B of the case re- 
ported by Tartara.*) Apnea and tachy- 
cardia are also prominent features of 
tonic seizures." 

Arousal, either with EEG desyn- 
chronization or with a transient pas- 
sage to a lighter stage of sleep, was ob- 
served immediately after the episodes 
(Fig 2, center and right). 

In our patients, the episodes oc- 
curred during nocturnal or diurnal 
sleep (ie, during multiple sleep latency 
tests). Godbout et al* studied a similar 
patient with sleep cycle inversion and 
demonstrated the relationship of the 
attacks with sleep rather than with the 
circadian rhythm. Although previous 
authors recorded the occurrence of ep- 
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isodes only during non- REM sleep, in 
our patients the attacks occurred dur- 
ing both REM and non- REM sleep. 

The occurrence of head trauma in 
four of the seven patients and of som- 
nambulism in patient 2 is of interest. 
Trauma and somnambulism were also 
present in the patients studied by 
Godbout.* Drake" described a patient 
who had what he termed “posttrau- 
matic head banging,” but his descrip- 
tion of the patient is not unlike that of 
HPD. Montplaisir et al? also reported 
abnormal nocturnal behavior that oc- 
curred after head trauma. 

The degree of functional deficit re- 
ported by our patients was significant. 
Unlike previously reported cases, EDS 
was the mode of presentation in all but 
one of our patients, and EDS greatly 
limited our patients' life-style. Our 
patients on military duty had disci- 
plinary actions charged against them, 
pending completion of the medical 
evaluation of their inability to stay 
awake during duty hours. One patient 
was totally unable to function and de- 
veloped paranoid psychosis. Such EDS 
is most likely the result of sleep frag- 
mentation, and is also seen in patients 
who have nocturnal seizures.’ 

Because the present definition of the 
HPD syndrome is based on polysom- 
nographic features and clinical symp- 
tomatology, the exact nature of the 
phenomena under study remains un- 
determined. 

Certain features of HPD such as 
stereotypic movements, autonomic 
changes, the relationship with sleep, 
and the response to therapy with anti- 
convulsants are suggestive of a seizure 
disorder. On the other hand, the lack of 
postictal confusion, the normalcy of 
the awake EKG, the lack of clearly ep- 
ileptic ictal phenomena (such as 
tongue biting or incontinence), and the 
lack of EEG discharge in association 
with the episodes do not support this 
concept. This lack of EEG epileptiform 
activity is an important distinction 
from those cases of nocturnal seizures 
with EDS in which body movements 
are clearly associated with epilepti- 
form discharges." We have had the 
opportunity to study such a case (un- 
published data). One patient studied 
by Rajna et al described as having 
*vigilance level-dependent seizures," 
had tonic, axial movements not unlike 
those of patients with HPD. That pa- 
tient had a cingulectomy, but this did 
not alter the symptomatology. 

Despite improvement after anticon- 
vulsant treatment, the polysomno- 
grams of our patients did not show 
complete normalization of the sleep 
architecture. This was also the obser- 
vation of previous authors. This fea- 
ture suggests a primary sleep archi- 


tecture disorder and different patho- 
physiological characteristics from 
those underlying the dystonic move- 
ments. 

Carbamazepine is the treatment of 
choice according to all previous 
authors.??! In one patient, the thera- 
peutie results were dose dependent. 
Our patients responded to carbam- 
azepine, valproic acid (also in a dose- 
dependent fashion) and phenobar- 
bital therapies. 

Patients and referring physicians 
were reluctant to accept or advise 
treatment with anticonvulsant medi- 
cation, perhaps fearing that the pres- 
ence of a seizure disorder might be 
thus implied. Similar concerns have 
been noted by authors describing noc- 
turnal epilepsy. Because of the definite 
therapeutical results, it is necessary 
for those in care of patients to be aware 
of the clinical characteristics of HPD 
and of the indications and benefits of 
anticonvulsant therapy. 
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"Pimozide produced significantly more 
improvement of symptoms and less 
akinesic adverse effects than haloperidol 

Improvement of 70% or more was 
reported by 74% of patients on pimozide 
compared with 45% on haloperidol 
(p<.02), and 84% rated pimozide better 
overall than haloperidol."' 
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In a double-blind, placebo-controlled 
study, "Pimozide was associated with 
lethargy or tiredness on significantly fewer 
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long-term patient acceptance. 
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INDICATIONS AND USAGE 
ORAP (pimozide) is indicated for the suppression of motor and phonic tics in patients 
with Tourette's Disorder who have failed to respond satisfactorily to standard treatment. 
ORAP is not intended as a treatment of first choice nor is it intended for the treatment for 
tics that are merely annoying or cosmetically troublesome. ORAP should be reserved for 
use in Tourette's Disorder patients whose development and/or daily life function is 
severely compromised by the presence of motor and phonic tics. 
Evidence supporting approval of pimozide for use in Tourette's Disorder was obtained 
in two controlled clinical in which enrolled patients between the ages of 8 and 
53 years. Most subjects in the two trials were 12 or older. 


CONTRAINDICATIONS 


1. ORAP (pimozide) is contraindicated in the treatment of simple tics or tics other 
than associated withTourette s Disorder. 

2.  ORAP should not be used in patients taking drugs that may, themselves, cause 
motor and phonic tics (e.g., pemoline, methylphenidate and amphetamines) until 
such patients have been withdrawn from these drugs to determine whether or not 
the drugs, rather than Tourette's Disorder, are responsible for the tics. 

3. Because ORAP prolongs the QT interval of the electrocardiogram it is 
contraindicated in patients with congenital long QT syndrome, patients with a 
history of cardiac arrhythmias, or patients taking other drugs which prolong the QT 
interval of the electrocardiogram (see DRUG INTERACTIONS) 

4. ORAP is contraindicated in patients with severe toxic central nervous system 
depression or comatose states from any cause. 

5. ORAP is contraindicated in patients with hypersensitivity to it. As it is not known 
whether cross-sensitivity exists among the antipsychotics, pimozide should be 
used with appropriate caution in patients who have demonstrated hypersensitivity 
to other antipsychotic drugs. 


WARNINGS 
The use of ORAP (pimozide) in the treatment of Tourette's Disorder involves different 
risk/benefit considerations than when antipsychotic drugs are used to treat other 
conditions. tly, a decision to use ORAP should take into consideration the 
following: (see also PRECAUTIONS-Information for Patients). 


Tardive Dyskinesia A syndrome consisting of potentially irreversible, involuntary, 
dyskinetic movements may develop in patients treated with antipsychotic drugs. 
Although the prevalence of the syndrome appears to be highest among the elderly, 
especially elderly women, it is impossible to rely upon prevalence estimates to predict, at 
the inception of antipsychotic treatment, which patients are likely to develop the 
syndrome. Whether antipsychotic drug products differ in their potential to cause tardive. 
dyskinesia is unknown. 

Both the risk of developing tardive dyskinesia and the likelihood that it will become 
irreversible are believed to increase as the duration of treatment is withdrawn. 
Antipsychotic treatment, itself, however, may suppress (or partially suppress) the signs 
and symptoms of the syndrome and thereby may possibly mask the underlying process. 
The etfect that symptomatic suppression has upon the long-term course of the 
syndrome is unknown. 

Given these considerations, antipsychotic drugs should be prescribed in a manner 
that is most likely to minimize the occurrence of tardive dyskinesia Chronic 
antipsychotic treatment should generally be reserved for patients who suffer from a 
chronic illness that, 1) is known to respond to antipsychotic drugs, and, 2) for whom 
alternative, equally effective, but potentially less harmful treatments are not available or 
appropriate. In patients who do require chronic treatment, the smallest dose and the 
shortest duration of treatment producing a satistactory clinical response should be 
sought. The need for continued treatment should be reassessed periodically. 

If signs and symptoms of tardive dyskinesia appear in a patient on antipsychotics, 
drug discontinuation should be considered. However, some patients may require 
treatment despite the presence of the syndrome. 

(For further information about the description of tardive dyskinesia and its clinical 

detection, please refer to ADVERSE REACTIONS and PRECAUTIONS-Information for 
Patients.) 
Neuroleptic Malignant Syndrome (NMS) A potentially fatal symptom complex 
sometimes referred to as Neuroleptic Malignant Syndrome (NMS) has been reported in 
association with antipsychotic drugs. Clinical manifestations of NMS are hyperpyrexia, 
muscle rigidity, altered mental status (including catatonic signs) and evidence of 
autonomic instability (irregular pulse or blood pressure, tachycardia, diaphoresis, and 
cardiac dysrhythmias), Additional signs may include elevated creatine phosphokinase, 
myoglobinuria (rhabdomyolysis) and acute renal failure. 

The diagnostic evaluation of patients with this syndrome is complicated. In arriving at 
a diagnosis, it is important to identify cases where the clinical presentation includes both 
serious medical illness (e.g., pneumonia, systemic infection, etc.) and untreated or 
inadequately treated extrapyramidal signs and symptoms (EPS) Other important 
considerations in the differential diagnosis include central anticholinergic toxicity, heat 
stroke, drug fever and primary central nervous system (CNS) pathology. 

The management of NMS should include 1) immediate discontinuation of 
antipsychotic drugs and other drugs not essential to concurrent therapy, 2) intensive 
symptomatic treatment and medical monitoring, and 3) treatment of any concomitant 
serious medical problems for which specific treatments are available, There is no general 
agreement about specific pharmacological treatment regimens for uncomplicated NMS 

It a patient requires antipsychotic drug treatment after recovery from NMS, the 
potential reintroduction of drug therapy should be carefully considered. The patient 
should be carefully monitored, since recurrences of NMS have been reported 

Hyperpyrexia, not associated with the above symptom complex, has been reported 

with other antipsychotic drugs. 
Other Sudden, unexpected deaths have occurred in experimental studies of conditions 
other than Tourette's Disorder. These deaths occurred while patients were receiving 
dosages in the range of 1 mg per kg. One possible mechanism for such deaths is 
prolongation of the QT interval predisposing patients to ventricular arrhythmia An 
electrocardiogram should be performed before ORAP treatment is initiated and 
periodically thereafter, especially during the period of dose adjustment 

ORAP may have a tumorigenic potential. Based on studies conducted in mice, it is 
known that pimozide can produce a dose related increase in pituitary tumors. The full 
significance of this finding is not known, but should be taken into consideration in the 
physician's and patient's decisions to use this drug product. This finding should be given 
special consideration when the patient is young and chronic use of pimozide is 
anticipated. (see PRECAUTIONS-Carcinogenesis, Mutagenesis, Impairment of Fertility) 


PRECAUTIONS 

General ORAP (pimozide) may impair the mental and/or physical abilities required for 
the performance of potentially hazardous tasks, such as driving a car or operating 
machinery, especially during the first few days of therapy. 

ORAP produces anticholinergic side effects and should be used with caution in 
individuals whose conditions may be aggravated by anticholinergic activity. 

ORAP should be administered cautiously to patients with impairment of liver or 
Kidney function, because it is metabolized by the liver and excreted by the kidneys. 

Antipsychotics should be administered with caution to patients receiving 

int medication, with a history of seizures, or with EEG abnormalities, because 

they may lower the convulsive threshold. If indicated, adequate anticonvulsant therapy 
should be maintained concomitantly. 


Laboratory Tests An ECG should be done at baseline and periodically thereafter 
throughout the period of dose adjustment. Any indication of prolongation of QT, interval 
beyond an absolute limit of 0.47 seconds (children) or 0.52 seconds (adults), or more 
than 25% above the patient's original baseline should be considered a basis for stopping 
further dose increase (see CONTRAINDICATIONS) and considering a lower dose. 


Since hypokalemia has been associated with ventricular arrhythmias, potassium 
insufficiency, secondary to diuretics, diarrhea, or other cause, should be corrected before 
ORAP therapy is initiated and normal potassium maintained during therapy. 

Drug Interactions Because ORAP prolongs the QT interval of the electrocardiogram, an 
additive effect on QT interval would be anticipated if administered with other drugs, such 


as phenothiazines, tricyclic antidepressants or antiarrhythmic agents, which prolong the 
QT interval. Such concomitant administration should not be undertaken (see 
CONTRAINDICATIONS). 


ORAP may be capable of potentiating CNS depressants, including analgesics, 
sedatives, anxiolytics, and alcohol. 


Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenicity studies were 
conducted in mice and rats. In mice, pimozide causes a dose-related increase in pituitary 
and mammary tumors. 

When mice were treated for up to 18 months with pimozide, pituitary gland changes 
developed in females only. These changes were characterized as hyperplasia at doses 
approximating the human dose and adenoma at doses about fifteen times the maximum 
recommended human dose on a mg per kg basis. The mechanism for the induction of 
pituitary tumors in mice is not known 

Mammary gland tumors in female mice were also increased, but these tumors are 
expected in rodents treated with antipsychotic drugs which elevate prolactin levels 
Chronic administration of an antipsychotic also causes elevated prolactin levels in 
humans. Tissue culture experiments indicate that approximately one-third of human 
breast cancers are prolactin-dependent in vitro, a factor of potential importance if the 
prescription of these drugs is contemplated in a patient with a previously detected breast 
cancer. Although disturbances such as galactorrhea. amenorrhea, gynecomastia, and 
impotence have been reported with antipsychotic drugs, the clinical significance of 
elevated serum prolactin levels is unknown for most patients. Neither clinical studies nor 
epidemiologic studies conducted to date have shown an association between chronic 
administration of these drugs and mammary tumorigenesis. The available evidence, 
however, is considered too limited to be conclusive at this time. 

In a 24 month carcinogenicity study in rats, animals received up to 50 times the 
maximum recommended human dose. No increased incidence of overall tumors or 
tumors at any site was observed in either sex. Because of the limited number of animals 
surviving this study, the meaning of these results is unclear. 

Pimozide did not have mutagenic activity in the Ames test with four bacterial test 
strains, in the mouse dominant lethal test or in the micronucleus test in rats. 

Reproduction studies in animals were not adequate to assess all aspects of fertility. 
Nevertheless, female rats administered pimozide had prolonged estrus cycles, an effect 
also produced by other antipsychotic drugs. 


Pregnancy Category C. Reproduction studies performed in rats and rabbits at oral doses 
up to 8 times the maximum human dose did not reveal evidence of teratogenicity. In the 
rat, however, this multiple of the human dose resulted in decreased pregnancies and in 
the retarded development of fetuses. These effects are thought to be due to an inhibition 
or delay in implantation which is also observed in rodents administered other 
antipsychotic drugs. In the rabbit, maternal toxicity, mortality, decreased weight gain, 
and embryotoxcity including increased resorptions were dose related. Because animal 
reproduction studies are not always predictive of human response, pimozide should be 
given to a pregnant woman only if the potential benefits of treatment clearly outweigh the 
potential risks. 


Labor and Delivery This drug has no recognized use in labor or delivery. 


Nursing Mothers t is not known whether pimozide is excreted in human milk. Because 
many drugs are excreted in human milk and because of the potential for tumorigenicity 
and unknown cardiovascular effects in the infant, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother 


Pediatric Use Although Tourette's Disorder most often has its onset between the ages of 
2 and 15 years, information on the use and efficacy of ORAP in patients less than 12 
years of age is limited 

Because its use and safety have not been evaluated in other childhood disorders, 
ORAP is not recommended for use in any condition other than Tourette's Disorder. 


ADVERSE REACTIONS. 
General: | Reactions: Neuromuscular (extrapyramidal) reactions during 
the administration of ORAP (pimozide) have been reported frequently, often during the 
first few days of treatment. In most patients, these reactions involved Parkinson-like 
symptoms which, when first observed, were usually mild to moderately severe and 
usually reversible. 

Other types of neuromuscular reactions (motor restlessness, dystonia, akathisia, 
hyperretlexia, opisthotonos, oculogyric crises) have been reported far less frequently. 
Severe extrapyramidal reactions have been reported to occur at relatively low doses, 
Generally the occurrence and seventy of most extrapyramidal symptoms are dose related 
since they occur at relatively high doses and have been shown to disappear or become 
less severe when the dose is reduced. Administration of antiparkinson drugs such as 
benztropine mesylate or trihexyphenidy! hydrochloride may be required for control of 
such reactions. It should be noted that persistent extrapyramidal reactions have been 
reported and that the drug may have to be discontinued in such cases 

Withdrawal Emergent Neurological Signs: Generally, patients receiving short term 
therapy experience no problems with abrupt discontinuation of antipsychotic drugs. 
However, some patients on maintenance treatment experience transient dyskinetic signs 
after abrupt withdrawal. In certain of these cases the dyskinetic movements are 
indi from the syndrome described below under Tardive Dyskinesia’ except 
for duration. It is not known whether gradual withdrawal of antipsychotic drugs will 
reduce the rate of occurrence of withdrawal emergent neurological signs but until further 
evidence becomes available, it seems reasonable to gradually withdraw use of ORAP. 

Tardive Dyskinesia: ORAP may be associated with persistent dyskinesia, Tardive 
dyskinesia, a syndrome consisting of potentially irreversible, involuntary, dyskinetic 
movements, may appear in some patients on long-term therapy or may occur after drug 
therapy has been discontinued. The risk appears to be greater in elderly patients on high- 
dose therapy, especially females. The symptoms are persistent and in some patients 
appear irreversible. The syndrome is characterized by rhythmical involuntary 
movements of tongue, face, mouth or jaw (e.g., protrusion of tongue, puffing of cheeks, 
puckering of mouth, chewing movements). Sometimes these may be accompanied by 
involuntary movements of extremities and the trunk. 

There is no known effective treatment for tardive dyskinesia; antiparkinson agents 
usually do not alleviate the symptoms of this syndrome, It is suggested that all 
antipsychotic agents be discontinued if these symptoms appear. Should it be necessary 
to reinstitute treatment, or increase the dosage of the agent, or switch to a different 
antipsychotic agent, this syndrome may be masked. 

It has been reported that fine vermicular movement of the tongue may be an early 
sign of tardive dyskinesia and if the medication is stopped at that time the syndrome may 
not develop. 

Electrocardiographic Changes: Electrocardiographic changes have been observed in 
clinical trials of ORAP in Tourette's Disorder and schizophrenia. These have included 
prolongation of the QT interval, flattening, notching and inversion of the T wave and the 
appearance of U waves, Sudden, unexpected deaths and grand mal seizure have 
occurred at doses above 20 mg/day 

‘Neuroleptic Malignant Syndrome: Neuroleptic malignant syndrome (NMS) has been 
reported with ORAP. (See WARNINGS for further information concerning NMS.) 

Hyperpyrexia: Hyperpyrexia has been reported with other antipsychotic drugs. 
Clinical Trials The following adverse reaction tabulation was derived from 20 patients in 
a 6 week long placebo controlled clinical trial of ORAP in Tourette's Disorder. 


Body System/ Pimozide Placebo 
Adverse Reaction. (N - 20) (N= 20) 
Body as a Whole 

Headache 1 2 
Gastrointestinal 

Dry mouth 5 1 
Diarrhea 1 0 
Nausea 0 2 
Vomiting 0 1 
Constipation 4 2 
Eructations 0 1 
Thirsty 1 0 
Appetite increase 1 0 





Body/System/ 
Adverse Reaction 
Endocrine 
Menstrual disorder 0 1 
Breast secretions 0 1 


Musculoskeletal 
Muscle cramps 
Muscle tightness 
Stooped posture 
CNS 

Drowsiness 
Sedation 
Insomnia 
Dizziness 
Akathisia 
Rigidity 

Speech disorder 
Handwriting change 
Akinesia 


Psychiatric 

Depression 

Excitement 

Nervous 

Adverse behavior 
effect 


Special Sense 

Visual disturbance 4 

Taste change 1 

Sensitivity of eyes ] 
to light 

Decreased accom- 4 1 
modation 


(N=20) 


voo 
oo 


aon o-mwwoomz- 
ooooocwoo 


ooo 


ooo 


Spots before eyes 0 1 


Urogenital 
Impotence 3 0 


Because clinical investigational experience with ORAP in Tourette's Disorder is 
limited, uncommon adverse reactions may not have been detected. The physician 
should consider that other adverse reactions associated with antipsychotics may occur. 


Other Adverse Reactions In addition to the adverse reactions listed above, those listed 
below have been reported in U.S. clinical trials of ORAP in conditions other than 
Tourette's Disorder 

Body as a Whole: Asthenia, chest pain, periorbital edema 

Cardiovascular/Respiratory: Postural hypotension, hypotension, hypertension, 
tachycardia, palpitations 

Gastrointestinal. Increased salivation, nausea, vomiting, anorexia, GI distress 

Endocrine: Loss ot libido 

Metabolic/Nutrtional: Weight gain, weight loss 

Central Nervous System: Dizziness, tremor, parkinsonism, fainting, dyskinesia 

Psychiatric: Excitement 

Skin: Rash, sweating, skin irritation 

Special Senses: Blurred vision, cataracts 

Urogenital: Noctunia, urinary frequency 
Postmarketing Reports The following experiences were described in spontaneous 
postmarketing reports. These reports do not provide sufficient information to establish a 
clear causal relationship with the use of ORAP. 

Hematologic: Hemolytic anemia 


OVERDOSAGE 

In general, the signs and symptoms of overdosage with ORAP (pimozide) would be 
an exaggeration of known pharmacologic effects and adverse reactions, the most 
prominent of which would be: 1) electrocardiographic abnormalities, 2) severe 
extrapyramidal reactions, 3) hypotension, 4) a comatose state with respiratory 
depression. 

In the event of overdosage, gastric lavage, establishment of a patent airway and, if 
necessary mechanically-assisted respiration are advised. Electrocardiographic 
monitoring should commence immediately and continue until the ECG parameters are 
within the normal range. Hypotension and circulatory collapse may be counteracted by 
use of intravenous fluids, plasma, or concentrated albumin, and vasopressor agents such 
as metaraminol, phenylephrine and norepinephrine. Epinephrine should not be used. In 
case of severe extrapyramidal reactions, antiparkinson medication should be 
administered. Because of the long half-life of pimozide, patients who take an overdose 
should be observed for at least 4 days. As with all drugs, the physician should consider 
contacting a poison control center for additional information on the treatment of 
overdose. 


DOSAGE AND ADMINISTRATION 

Reliable dose response data for the effects of ORAP (pimozide) on tic manifestations. 
in Tourette's Disorder patients below the age of twelve are not available. Cor h 
the suppression of tics by ORAP requires a slow and gradual introduction of the drug. 
The patient's dose should be carefully adjusted to a point where the suppression of tics 
and the relief afforded is balanced against the untoward side effects of the drug. 

An ECG should be done at baseline and ily thereafter, especially during the 
period of dose adjustment (see WARNINGS and PRECAUTIONS-Laboratory Tests) 

In general, treatment with ORAP should be initiated with a dose of 1 to 2 mg a day in 
divided doses. The dose may be increased thereafter every other day. Most patients are 
maintained at less than 0.2 mg/kg per day, or 10 mg/day, whichever is less. Doses 
greater than 0.2 mg/kg/day or 10 mg/day are not recommended. 

Periodic attempts should be made to reduce the dosage of ORAP to see whether or 
not tics persist at the level and extent first identified. In attempts to reduce the dosage of 
ORAP. consideration should be given to the possibility that increases of tic intensity and 
frequency may represent a transient, withdrawal related phenomenon rather than a return 
of disease symptoms. Specifically, one to two weeks should be allowed to elapse before 
one concludes that an increase in tic manifestations is a function of the underlying 
disease syndrome rather than a response to drug withdrawal. A gradual withdrawal is 
recommended in any case. 


HOW SUPPLIED 
ORAP (pimozide) 2 mg tablets, white, scored, imprint ‘LEMMON’ and "ORAP 2'-NDC 
0093-0187-01, bottles of 100. 
Dispense in tight, light-resistant containers as defined in the official compendium. 
Made in Canada 
Manufactured by: 
McNeil Pharmaceutical, (Canada) Ltd 
Stouffville, Ontario L4A 7x7 
Manufactured for: 
LEMMON COMPANY 
Sellersville, PA 18960 
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Screening for Cognitive Impairment in Multiple Sclerosis 


An Evaluation of the Mini-Mental State Examination 


William W. Beatty, PhD, Donald E. Goodkin, MD 


@ The usefulness of the Mini-Mental 
State Examination (MMSE) as a screening 
test for identifying cognitive impairment in 
patients with multiple sclerosis (MS) has 
been questioned because many patients 
who score above the suggested cutoff 
score of 24 exhibit severe focal or global 
cognitive deficits. We reevaluated the use- 
fulness of the MMSE by studying 85 pa- 
tients with clinically definite MS who also 
received an extensive battery of neu- 
ropsychological tests. Although scores on 
the MMSE were negatively correlated with 
the number of neuropsychological tests 
on which patients with MS displayed im- 
pairment, the MMSE was not sufficiently 
sensitive to identify precisely defined de- 
mentia in these patients. The MMSE was 
nonetheless a useful predictor of focal 
cognitive impairment, particularly in re- 
lapsing-remitting patients with relatively 
minor physical disabilities. Additional 
analyses suggested strategies for minor 
, modifications of the MMSE that may im- 
prove its sensitivity and specificity for 
identifying dementia while preserving its 
major advantages as a screening exami- 
nation: brevity and ease of administration 
and scoring. 

(Arch Neurol. 1990;47:297-301) 


Foma neuropsychological testing 
has repeatedly demonstrated that 
many, but not all, patients with multi- 
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ple sclerosis (MS) exhibit significant 
cognitive impairment, especially on 
tasks that require rapid information 
processing, recall of newly acquired 
knowledge, or problem-solving abil- 
ity.' As confidence in the reproducibil- 
ity of these observations has grown, 
neurologists' need for a brief but reli- 
able way of screening for cognitive 
impairment in patients with MS has 
increased. In addition to brevity and 
ease of scoring, an ideal screening ex- 
amination would predict performance 
on à broad range of cognitive func- 
tions, including some that are not as- 
sessed directly by the test. Many neu- 
rologists have employed the Mini- 
Mental State Examination (MMSE)? 
for this purpose, but found the test to 
be insensitive to cognitive impairment 
in MS when the recommended cutoff 
scores (usually below 24)** were used. 
For example, Franklin and colleagues? 
recently compared the ability of the 
MMSE and a neuropsychological 
screening battery (NSB) that they de- 
veloped to detect cognitive impairment 
in a sample of 60 patients with clini- 
cally definite chronic-progressive (CP) 
MS who were diagnosed using the cri- 
teria of Schumacher et al.* Although 
none of their patients scored below 24 
on the MMSE, 83% were impaired on 
a composite summary score derived by 
considering performance on all of the 
tests included in their NSB, and 60% of 
the patients were impaired on a com- 
posite cognitive summary score ob- 
tained by considering only those 
subtests judged to require minimal 
upper-extremity motor skills. By con- 
trast, Franklin et al’ also reported that 
“only 20% of patients were impaired 
on the Folstein MMSE with cutoffs 


developed using data from the NSB 
standardization sample.” While the 
results demonstrate the greater sensi- 
tivity of the NSB compared with the 
MMSE for routine cognitive screening 
of patients with MS, the NSB takes at 
least 45 minutes to administer, while 
the MMSE can be administered and 
scored in a neurologist’s office in 5 to 10 
minutes. In addition, correlations be- 
tween NSB scores and other cognitive 
testing (ie, problem solving and re- 
mote memory) are as yet undeter- 
mined. 

In this article, we show that while 
the MMSE does predict the existence 
of focal cognitive deficits in patients 
with MS reasonably well, in its present 
form, the test is too insensitive to reli- 
ably identify global cognitive impair- 
ment. We also suggest specific strate- 
gies for modifications of the MMSE 
that may improve its sensitivity for 
detecting dementia without exces- 
sively increasing the administration 
and scoring times required for a 
screening test. 


PATIENTS AND METHODS 


Data are reported for 43 patients with CP 
MS and 42 patients with relapsing-remit- 
ting (RR) MS who served as subjects in on- 
going research studies of cognitive function 
in MS.” All patients met criteria for clini- 
cally definite MS"; precise definitions used 
to classify the patients by disease type have 
been reported elsewhere. For our pur- 
poses, dementia was defined as impairment 
(ie, scores at or below the fifth percentile for 
controls) in three of four cognitive func- 
tions: (1) naming, ie, the total number cor- 
rect without cues on the 60-item version of 
the Boston Naming Test (BNT)''; (2) prob- 
lem solving, ie, the number of categories 
achieved (out of six) on the Wisconsin Card 
Sorting Test (WCST)," a test that requires 
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subjects to form and shift concepts based on 
feedback from the examiner; (3) speed of 
information processing (impairment on ei- 
ther the FAS test, which requires generat- 
ing words that begin with the letters F, A, 
or S as quickly as possible, or the Symbol 
Digit Modalities Test [SDMT],^ which re- 
quires substituting numbers for geometric 
symbols as rapidly as possible); and (4) 
memory (impairment on three of the five 
measures of anterograde and remote mem- 
ory considered in this article). The memory 
measures were (1) the total number of 
words recalled after a 15-second delay on a 
10-trial short-term memory test in which 
four words were given per trial, (2) the to- 
tal number of words recalled immediately 
after presentation of a 14-word list that was 
presented for four trials, (3) the percent 
correct on a recognition test for the same 
word list given 30 minutes later, (4) the to- 
tal number of items recalled on a test of re- 
mote memory that required identifying fa- 
mous people from photographs or answer- 
ing questions about past public events, and 
(5) the total number of items correctly rec- 
ognized on the same remote memory test. 
Patients with RR MS averaged 38.1 + 7.7 
(SD) years of age, 14.3 + 2.0 years of edu- 
cation, and 4.3 + 3.2 years of disease since 
diagnosis, and attained mean scores of 
2.1 + 1.90n the Expanded Disability Status 
Scale (EDSS)" and 1.8 + 1.7 on the Ambu- 
lation Index.^ Patients with CP MS aver- 
aged 48.9 + 10.9 years of age, 13.7 + 2.7 
years of education, and 18.7 + 9.8 years 
since diagnosis of disease, and attained 
mean scores of 6.6 + 1.5 on the EDSS and 
6.2 + 2.0 on the Ambulation Index. Thus, 
the CP patients were older (P < .001), had 
MS longer (P < .001), and were more se- 
verely disabled physically (P «.001 for 
both EDSS and Ambulation Index) than 
the RR patients, but the CP and RR groups 
did not differ significantly in length of ed- 
ucation. More detailed descriptions of the 
test materials and procedures can be found 
in previous reports”? or in published test 
manuals." Our patients and controls re- 
sponded orally to the SDMT to minimize 
the potential confounding of impaired up- 
per-extremity motor activity.” Only 22 CP 
patients were assessed on the WCST; oth- 
erwise, all patients completed all tests. 
The important features of the version of 
the MMSE used in our study are as follows: 
(1) the concrete nouns ring, apple, and ele- 
phant were used for the registration and 
recall phases; (2) only serial 7s was used in 
the calculation phase; (3) patients for whom 
writing was very difficult because of obvious 
upper-extremity deficits were allowed to 
produce a complete sentence orally; (4) the 
three-stage command used required the 
patient to pick up a small object in the non- 
dominant hand, shake it, and place it on a 
book located on the table where the patient 
was seated. This modified three-stage com- 
mand was employed to preclude the possi- 
bility that patients with impairments in 
balance might fall and injure themselves 
while attempting to place the folded paper 
on the floor (the three-stage command from 
the Folstein version of the MMSE requires 
subjects to pick up a piece of paper, fold it 
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in half, and place it on the floor); and (5) 
most patients and controls who lived more 
than 50 miles from our clinic were tested in 
their own homes. Those who were not were 
asked to name the county in which they re- 
sided. Previous results’ have indicated that 
there are no statistically significant differ- 
ences in neuropsychological test perfor- 
mance of patients or controls between those 
tested at home and those tested in the clinic. 


RESULTS 


Table 1 shows the proportion of all 
patients with MS displaying impair- 
ment on various cognitive tests as a 
function of their score on the modified 
version of the MMSE described above. 
For each measure, impairment was 
defined as a score at or below the fifth 
percentile of age- and education- 
matched controls. Controls averaged 
29.4 (SD, 0.8; range, 28 to 30) on the 
MMSE, while the 85 patients with MS 


averaged 28.5 (SD, 2.4; range, 14 to 30); 
the 3 patients scoring below 24 at- 
tained scores of 23, 20, and 14. 

It is evident from the data in Table 
1 that as scores on the MMSE dropped 
from the maximum value of 30, the 
proportion of patients exhibiting im- 
pairment increased. Essentially, the 
same pattern was observed for each of 
the nine neuropsychological tests. The 
tests were, however, differentially sen- 
sitive to impairment. The most sensi- 
tive tests were the SDMT, the WCST, 
and immediate recall of the word list, 
on which more than 25% of the pa- 
tients with MMSE scores in the normal 
range were impaired. 

Previous studies** have demon- 
strated that the cognitive impair- 
ments of CP patients are more severe 
than those of RR patients. It was there- 
fore of interest to determine whether 
or not the MMSE is equally useful in 


Table 1.—Percentages of Patients Exhibiting Impairment on Cognitive Tests * 


Score on Mini-Mental State Examination (No. of Patients) 


30 (35) 


29 (21) 


28 (11) 27(9) 24-26 (6) <24 (3) 








Anterograde memory 
Short-term memory 





Long-term memory-recall 








Long-term memory- 
recognition 





Remote memory 
Recall 








Recognition 











Boston Naming Test 





FAS test 














47 (17) 


57 (7) 100 (1) 





* Number of correct responses is the criterion of performance for all measures except long-term memory- 
recognition, in which percent correct was used, and the WCST, in which the number of categories achieved was 
used. FAS indicates Letter Fluency Task; SDMT, Symbol Digit Modalities Test; and WCST, Wisconsin Card 


Sorting Test. 


tNumbers in parentheses indicate numbers of patients tested on the WCST. 


Table 2.—Percentages of CP and RR Patients Exhibiting Cognitive Impairment as a 
Function of MMSE Score* 


CP Patients 
— 7 
MMSE Score 


MMSE Score 
of 28-30 
(n = 31) 
Anterograde memory 
Short-term memory 


Long-term memory -recall 
Long-term memory- 
recognition 
Remote memory 
Recall 


Recognition 
Boston Naming Test 
FAS test 
SDMT 
WCSTt 


RR Patients 
M 
MMSE Score MMSE Score 
of 28-30 of «28 
(n = 36) (n = 6) 


of «28 
(n = 12) 








* CP indicates chronic-progressive; RR, relapsing-remitting; MMSE, Mini-Mental State Examination; FAS, 
Letter Fluency Task; SDMT, Symbol Digit Modalities Test; and WCST, Wisconsin Card Sorting Test. 
tNumbers in parentheses indicate numbers of CP patients tested on the WCST. 
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predicting cognitive impairment in pa- 
tients of different disease courses. 

In Table2, the percentages of CP and 
RR patients displaying impairment on 
each of the neuropsychological tests 
are reported. For both disease types, 
patients are divided into subgroups of 
patients who scored within the range 
of normal controls on the MMSE (28 to 
30) and those who scored below the 
range of controls. It is evident that de- 
pending on the diagnostic type (CP or 
RR), there were marked differences in 
the proportion of patients displaying 
cognitive impairment, which differ- 
ences were related to their scores on 
the MMSE. For patients who scored 


below 28 (ie, outside the range of nor- 
mal controls), impairment on each of 
the cognitive measures was highly 
probable regardless of the patients' 
diagnosed disease course. Among pa- 
tients who scored within the range of 
normal controls on the MMSE, cogni- 
tive impairment was more likely 
among those diagnosed as CP (x?= 
4.27; P « .05). 

Although unproven, it is reasonable 
to suppose that a patient with a single 
isolated cognitive deficit (eg, inability 
to process novel information rapidly) 
could learn to compensate for his or 
her impairment, while a patient with 
numerous deficits, affecting different 


Table 3.—Percentages of All Patients Exhibiting Impairment on Various Numbers of 
Cognitive Tests as a Function of Mini-Mental State Examination (MMSE) Score 


No. of Results Indicating Impairment out of 9 Tests" 
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*For the 21 chronic-progressive patients who were not tested on the Wisconsin Card Sorting Test, only eight 


tests were considered. 


MMSE 
Score 


Total No. All Patients, 
of Patients % 


Relapsing-Remitting 
Patients, % 


Chronic-Progressive 
Patients, * % 





28 0 





17 18 





29 





67 





83 





* Only the 22 chronic-progressive patients who completed all tests including the Wisconsin Card Sorting Test 
were considered. 
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Table 5.— Sensitivity and Specificity in Predicting Dementia of Various 
Neuropsychological Tests * 
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MMSE score <28 66.7 94.4 62.5 78.6 
MMSE score <29 83.3 97.2 75.0 85.7 
Boston Naming Test 83.3 94.4 87.5 85.7 
Immediate recall 

of word list 83.3 97.2 75.0 85.7 
Short-term memory 100 91.7 87.5 78.6 
Delayed recognition 

of word list 66.7 86.1 62.5 78.6 
FAS 66.7 88.9 62.5 64.3 
SDMT 83.3 83.3 100 42.8 
WCST 100 80.6 100 71.4 






*RR indicates relapsing-remitting; CP, chronic-progressive; MMSE, Mini-Mental State Examination; FAS, 


Letter Fluency Task; SDMT, Symbol Digit Modalities Test; and WCST, Wisconsin Card Sorting Test. 
tOnly CP patients who completed all tests including the WCST were considered in these analyses. 
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aspects of cognition, would be unable 
to cope effectively except in a relatively 
sheltered environment. We therefore 
examined the relationship between 
scores on the MMSE and the number of 
tests on which patients displayed im- 
pairment (Table 3). The data indicate 
the percentages of patients impaired 
on one or more tests, two or more tests, 
ete, and are combined for CP and RR 
diagnostic types. As is evident from 
the data in Table 3, the likelihood that 
patients will display extensive as op- 
posed to isolated cognitive impair- 
ments increases as the score on the 
MMSE declines. Because 21 CP pa- 
tients were not tested on the WCST, 
the percentages reported probably un- 
derstate the degree of impairment. 
Clearly, patients who score between 24 
and 27 are quite likely to display im- 
pairment in a number of different as- 
pects of cognitive performance. 

An ideal screening test possesses 
both high sensitivity and high speci- 
ficity for predicting one or more spe- 
cific findings on more comprehensive 
testing. Table 4 reports the results of 
analyses examining the ability of the 
MMSE to identify dementia (ie, global 
cognitive impairment) in patients with 
MS. Six (14%) of the 42 RR patients 
and 8 (36% ) of the 22 CP patients who 
completed all tests including the 
WCST met our criteria for dementia. 
From the data in Table 4, it is clear 
that the percentage of demented pa- 
tients increased as MMSE score de- 
clined from the maximum of 30. AI- 
though none of the 28 patients who 
scored 30 on the MMSE was demented 
as defined above, 5 (20.8%) of the 24 
patients who scored either 28 or 29 met 
the criteria for dementia. 

Table 5 summarizes the sensitivity 
and specificity of the MMSE and other 
neuropsychological tests in predicting 
dementia in patients with MS. Sensi- 
tivity was measured as the number of 
demented patients identified correctly 
by each test divided by the number of 
demented patients observed. Specific- 
ity was the proportion of nondemented 
patients who scored unimpaired on 
each test. Both measures are expressed 
as percentages. 

When dementia was predicted by a 
score of 27 or below on the MMSE (ie, 
below the range of controls), the 
MMSE was only moderately sensitive 
but reasonably specific. Increasing the 
cutoff score for dementia to 28 and be- 
low improved sensitivity, but with this 
criterion, 16% of controls would have 
been classified as demented. These 
analyses suggest that the MMSE used 
in the present study is insufficiently 
sensitive to be used as a screening tool 
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for identifying global cognitive im- 
pairment (ie, dementia) in MS. 

In an effort to discover better ways 
to identify dementia in MS, we com- 
puted the sensitivities and specificities 
for various tests that might be admin- 
istered in addition to or instead of the 
MMSE. Since our remote memory test 
requires at least 1 hour to administer, 
and we consider this too long for a 
screening test, the remote memory test 
was not considered in these analyses. 
It is evident from the data in Table 5 
that impairment on the BNT, in im- 
mediate free recall, or on the short- 
term memory test was a more sensitive 
predictor of dementia in MS than was 
the MMSE. Each of these tests was 
also quite specific. In contrast, de- 
layed-recognition memory and the 
FAS test were very poor predictors, 
being neither sensitive nor specific. 
Impairments on the SDMT or the 
WCST were very sensitive indexes of 
dementia, but the specificities for both 
measures were low. Finally, it should 
be noted that in all tests, specificities 
observed for CP patients were consis- 
tently lower than for RR patients, al- 
though sensitivities of the tests were 
roughly comparable between the two 
patient groups. 


COMMENT 


Significant cognitive impairment 
has repeatedly been demonstrated in 
patients with MS. Although cognitive 
dysfunction is more severe in CP pa- 
tients, significant abnormalities are 
also frequently seen in RR patients 
who are relatively younger, less dis- 
abled as measured by the EDSS, and 
have significantly shorter disease du- 
rations. In fact, patients with only 
minimal physical impairments as 
measured by the EDSS may have cog- 
nitive dysfunction severe enough to 
significantly limit daily activities." 
Failure to detect cognitive impair- 
ment, especially if it is global, may 
create unreasonable expectations 
about prospects for continued gainful 
employment on the part of patients 
and their families and employers. In 
turn, this may lead to the loss of 
disability benefits, either because such 
benefits are wrongly denied or because 
they are not sought. Failure to recog- 
nize cognitive impairment may also 
contribute to the difficulties that 
spouses and other family members of- 
ten experience in attempting to adjust 
to a patient's disease. In the absence of 
knowledge that the patient’s memory, 
problem-solving ability, and/or ability 
to process novel information normally 
is compromised by MS, significant oth- 
ers may understandably interpret the 
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patient's forgetfulness or inability to 
perform other mental tasks that were 
formerly routine as an unreasonable 
attempt to seek attention or sympathy, 
or as a lack of motivation. Finally, the 
identification of potential cognitive 
impairment in patients participating 
in clinieal trials involving toxic "ther- 
apeutic” agents is advisable if we are 
to have confidence in properly obtained 
informed consent.” The need for a re- 
liable and cost-effective way of screen- 
ing for cognitive impairment is great- 
est for patients who are recently diag- 
nosed and only mildly impaired 
physically, since for CP patients, is- 
sues of employability and eligibility 
for disability compensation are more 
often resolved by their deteriorated 
neurologic status. Moreover, during 
the typically longer course of their 
disease, CP patients, their family 
members, and their attending neurol- 
ogists will have had greater opportu- 
nity to learn how and to what extent 
the patients' cognitive deficits may 
limit their capacity to function in ev- 
eryday activities. 

Neurologists who provide care to 
patients with MS without overt cogni- 
tive deficit or obviously advanced 
EDSS are faced with two important 
questions in this regard: (1) How likely 
is it that my patient suffers either 
from focal or global cognitive impair- 
ments that may compromise function- 
ing in everyday life? and (2) Should I 
refer this patient for additional neu- 
ropsychological testing, given the con- 
siderable cost and time required by a 
truly thorough examination of cogni- 
tive capacity? A screening cognitive 
assessment that could be rapidly ad- 
ministered and still be highly sensitive 
and specific in predicting cognitive 
dysfunction would be valuable in clin- 
ical neurologic office practice. It has 
been shown that clinieal neurologists 
will miss significant cognitive dysfunc- 
tion in as many as 50% of the patients 
they examine.” The version of the 
MMSE used in the present study takes 
only 5 to 10 minutes to administer and 
score but it is sufficiently sensitive to 
function as a screening examination 
for global cognitive impairment. The 
test functions better in predicting fo- 
cal cognitive impairments, especially 
for RR patients, although impair- 
ments may still be missed in 6% to 
25% of patients with MMSE scores of 
28 to 30 (Table 2). In our setting, nearly 
all patients and controls are white, 
native speakers of English with at 
least a high school education. Thus, 
normal controls attain uniformly high 
scores on the MMSE, and we recom- 
mend additional neuropsychological 


evaluation for any patient without se- 
vere physical disability who scores be- 
low the range of controls («28). How- 
ever, performance on the MMSE by 
normal individuals is known to be in- 
fluenced by demographic variables 
such as ethnic origin and educa- 
tion.??* Hence, the cutoff score that is 
appropriate in our setting will not 
necessarily be appropriate in others. 
Experience suggests that a screen- 
ing test of more than 10 to 15 minutes 
would be unlikely to gain wide accep- 
tance in clinical neurological practice. 
The NSB developed by Franklin et al’ 
takes 45 minutes to administer, which 
limits its attractiveness as a screening 
test. The data obtained using the sug- 
gested revisions of the MMSE are ob- 
tainable within 15 minutes and still 
are in good agreement with the find- 
ings reported by Franklin et al? As in 
their study, the proportion of patients 
displaying impairment on the MMSE 
(ie, attaining a score below 28 in the 
present study) was low (21% in our 
study). Further, the percentage of pa- 
tients displaying impairment on each 
of the tests in our battery was higher 
than the percentage of patients who 
were impaired on the MMSE, a finding 
also reported by Franklin et al for the 
individual tests in their NSB. 
Although we observed that as scores 
on the MMSE declined, the number of 
cognitive tests on which patients with 
MS displayed significant impairment 
increased, the MMSE proved disap- 
pointing in identifying dementia as 
defined in our study. With a cutoff 
score of 27 and below, the MMSE was 
not sufficiently sensitive; increasing 
the cutoff to 28 and below improved 
sensitivity, but with this criterion, 
16% of controls would have been clas- 
sified as demented, a false-positive er- 
ror rate that we consider unacceptable. 
Fortunately, our data suggest a 
strategy for modifications that might 
be made in the MMSE to improve its 
capacity to identify dementia. (1) The 
two naming items on the present ver- 
sion of the MMSE might be replaced by 
a brief version of the BNT. The 60-item 
version of the BNT was highly sensi- 
tive and specific in predicting demen- 
tia in our patients with MS, and a 15- 
item version of the BNT has been 
shown to be as sensitive to language 
impairments in Alzheimer's disease as 
the entire test.* (2) The number of 
items on the verbal free recall portion 
of the MMSE might be increased from 
three to seven. Our data suggest that 
anterograde verbal memory is a good 
indicator of dementia in MS. More- 
over, this change could provide a much 
more sensitive index of attention and 
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concentration, functions that may also 
be impaired in MS.” Although our data 
suggest that either the BNT or a test of 
verbal recall might replace the MMSE 
for identifying dementia in patients 
with MS, we do not yet recommend 
such an assessment strategy because 
of the limited number of cases studied 
and the small possibility that a patient 
with anomic aphasia or amnesia might 
be misidentified as demented. We are 
presently investigating the sensitivity 
and specificity of the proposed MMSE 
revisions and the BNT for predicting 
dementia as defined in this article in a 
prospectively followed population of 
patients with MS. 

Further, while performance on the 
SDMT could be predicted by the 
MMSE with considerable accuracy, we 
recommend including the SDMT, 
which requires only 2 to 3 minutes to 
administer and score, in any battery 
designed for use with patients with 
MS. The ability to process novel infor- 
mation quickly is one of the first cog- 
nitive functions to fail in MS, and this 
ability (assessed by the SDMT) may be 
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critical for adequate performance in 
some occupations. The SDMT can be 
administered orally (the patient sim- 
ply says which number goes with each 
symbol and the examiner records re- 
sponses) or in written form (the pa- 
tient writes his or her responses). Al- 
though the written version is some- 
what more sensitive for detecting 
impairment in patients with MS‘ than 
the oral version used in our study, we 
much prefer -the oral version for as- 
sessing information-processing speed 
in patients with MS. With the written 
version of the SDMT, difficulties in 
writing quickly are confused with 
problems in processing unfamiliar in- 
formation rapidly, making test results 
very difficult to interpret. With the 
oral version of the SDMT, marked dif- 
ficulties in visual acuity or expressive 
speech are potentially troublesome 
confounding variables, but these defi- 
cits (if present) should be readily de- 
tected in the neurologic examination 
and enable assignment of disability 
without needing to resort to additional 
testing. 
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HOW TO AVOID 
BIG HEADACHES 
IN YOUR PRACTICE 





For migraine patients who suffer frequent or severe attacks, 
relying on abortive therapy may result in more “headaches” 
than it's worth—especially when prophylaxis is so easy. 


Important advantages over 

L] e 
abortive therapies 
In a recent survey’ of 4,120 physicians who have tried INDERAL LA 
for common-migraine prophylaxis, 9896 of physicians mentioned 
the improved quality of life INDERAL LA affords their patients. 
Most also expressed concern about the shortcomings of abortive 


treatments—lack of sufficient control (9096), side effects (8496), 
and potential for addiction (7896). 


The one to start with to 
prevent common migraine 


In the survey, eight out of ten physicians rated INDERAL LA good 
to excellent in reducing both frequency and severity of migraine 
attacks. And, based on their experience, 9196 of these doctors 
now consider INDERAL LA their prophylactic preference in 
migraine. Evaluate it in your patients and see for yourself. 
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Migraine patients can 


*like the more than one million patients who have taken 
INDERAL LA for all its indications. 


BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 


INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. INDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules 


CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor- 
blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic eicere agante for available receptor sites. When 
access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vaso- 
dilator responses to beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80, 120, and 160 mg) release propranolol HClata controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
the capsules are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 

ropranolol, resulting from the slower rate of absorption of propranolol Over a twenty-four (24) 
i ur period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 
ially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered especially to main- 
lain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
d aegris or angina where there is little correlation between plasma levels and clinical 
effect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 


pen nes 
Angina is Due to Coronary Atherosclerosis: INDERAL LA is indicated for the 
long-term management of patients with angina pectoris. 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache 
The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use 

Subaortic Stenosis: INDERAL LA is useful in the management of hyper- 
trophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
angina, palpitations, and syncope INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock, 2) sinus 
bradycardia and greater than first-degree 
block; 3) bronchial asthma; 4) congestive heart 
failure (see WARNINGS) unless the failure is 
secondary to a tachyarrhythmia treatable with 
INDERAL 


WARNINGS. CARDIAC FAILURE: Sympa- 
thetic stimulation may be a vital component 
supporting circulatory function in patients with 
congestive heart failure, and its inhibition by 
beta blockade may precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, if nec- 
essary, they can be used with close follow-up in 
patients with a history of failure who are well 
compensated and are receiving digitalis and 
diuretics. Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on 
heart muscle 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can. in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible) 
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IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
MA and, in some cases, myocardial infarction, followin abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned. the dosage » 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL hae is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute IN. ERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris ince coronary artery disease may be unrecognized, it ma 

be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications 










Nonallergic erie (eg, chronic bronchitis, emphysema) — PATIENTS 
WITH BRONCHOSPASTI DISEASES SHOULD IN GENERAL NOT MELEE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures 

INDERAL {propranolol HCI), like other beta blockers, is a competitive inhibitor of beta-recep- 
tor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
or isoproterenol. However, such patients may be subject to protracted severe hypotension 
Difficulty in starting and maintaining the heartbeat has also been reported with beta blockers 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
with caida but other manifestations such as dizziness and sweating may not be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels 

THYROTOXICOSIS. Beta blockade may mask certain clinical signs of hyperthyroidism 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
increasing T4 and reverse T3, and inde ty 3. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol 


PRECAUTIONS. GENERAL FIDEI should be used with caution in patients with im- 
aired hepatic or renal function. INDERAL (propranolol HCI) is not indicated for the treatment of 
ypertensive emergencies. 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should 
be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to a 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients Aere pu sane prt rt drugs such as reser- 
pine should be closely observed if INDE (propranolol HCI) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, 
attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous veraj il, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma 
levels of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
b ike 

hyroxine may result in a lower than expected T4 concentration when used concomitantly 
with propranolol 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels 
Theophylline clearance is reduced when used donc. LA pool 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman 

PEDIATRIC USE: Safety and effectiveness in children have not been established 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

ardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Pama type. 3 

ntral Nervous System: Light-headedness; mental depression manifested by insomnia, 

lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an 
acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 
mance on neuropsychometrics For immediate 
formulations, fatigue, lethargy, and vivid 
dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epigas- 
tric distress, abdominal cramping, diar 5 
constipation, mesenteric arterial thrombosis, 
ischemic colitis 

Allergic: Pharyngitis and agranulocytosis, 
erythematous rash, fever coml with ach- 
ing and sore throat, laryngospasm and respira- 
tory distress 


60mg 80mg 120mg 160mg 


= 
Respiratory: Bronchospasm : 
Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 
Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been 
reported 
Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving 


the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have not 
been associated with propranolol 


DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
vanable and may range from a few days to several weeks. 

ANGINA PECTORIS — Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established 

If NN is to be discontinued, reduce dosage gradually over a period of a few weeks (see 
WARNIN! 

MIGRAINE —Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA jerry should 
be discontinued. It may be advisable to withdraw the drug gradually over a period o! several 
weeks 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use 

*The appearance of these capsules is a registered trademark of Ayerst Laboratories 
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1. Data on file, Ayerst Laboratories. 
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C fiber specific analgesic 
for peripheral neuropathies 


o Topical, with no known systemic effects or drug 
interactions; can easily be used adjunctively 


o Unmyelinated C fiber selective; does not affect more 
discriminatory senses such as touch, pressure, or 
«vibration 
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o Patients applying Axsain three to four times daily 
report noticeable pain relief within two to four weeks 


o Side effects are few and minor 


Even moderate improvements 
_ in pain relief can make significant 
differences in comfort 
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71% of patients treated with Axsain 
reported pain relief 
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Highly specific to cutaneous 
C fiber neurons 


Capsaicin selectively depresses type C 
nociceptive fibers and causes a release and 


subsequent depletion of substance P, thereby 


impeding the conduction and transmission 
of peripheral pain impulses. 


Effective relief is achieved 
through proper patient use 


For effective relief, Axsain must be applied to 


the affected area three to four times a day. 


Continued application is necessary for three to 
four weeks to realize optimal clinical response. 


Axsain should be rubbed into the skin in 


amounts sufficient to cover the area without 


resulting in a caked residue. 


A transient burning sensation and reddening 


of the skin may occur over the first several 
days of use. Application schedules less than 
three times a day may not provide optimal 
pain relief and may cause the burning 
sensation to persist. 


Illustrated easy-to-read patient instruction 


booklets are included in every Axsain package. 





"n X S da i n "capsatohn aus cream 


Description: Axsain contains capsaicin 0.075% in an emollient cream 
base. Capsaicin is trans-8-methyl-N-vanillyl-6-nonenamide, a white 
crystalline powder with a molecular weight of 305.4. Itis practically insoluble 
in water but very soluble in alcohol, ether and chloroform 


Active Ingredient: Capsaicin 0.075%. 


Inactive Ingredients: Benzyl Alcohol, Cetyl Alcohol, Glyceryl Monostearate, 


Isopropyl! Myristate, Polyoxyethylene Stearate Blend, Purified Water, Sorbitol 
Solution, White Petrolatum 


Actions and Indications: Current evidence suggests that Axsain works by 
its action on a pain transmitting compound called substance P The 
capsaicin in Axsain causes substance P to leave the nerve endings. With a 
lower amount of substance P in the nerve endings, pain impulses cannot 
be transmitted to the brain. Axsain is indicated for relief of neuralgias (pain 
from nerves near the surface of the skin) such as painful diabetic neuro- 
pathy and postsurgical pain. 

Warnings: Avoid contact with eyes. Do not apply to wounds or damaged 
skin. Do not bandage tightly. If condition worsens or does not improve after 
28 days, discontinue use of this product and consult your physician. 

Keep this and all drugs out of the reach of children. 

Directions: Adults and children 2 years of age and older: Apply to affected 
area 3 to 4 times daily. A transient burning sensation related to the action 
of the product may occur over the first several days of use. Application 
schedules less than 3 times a day may not provide optimum pain relief and 
the burning sensation may persist. Wash hands immediately after applica- 
tion avoiding areas where drug is applied. 

How Supplied: 2.0 oz. tubes (NDC 57284-501-60) 005 0489 
U.S. Patent Nos. 4,486,450 and 4,536,404 126344 
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Clinical and Demographic Predictors of 


Cognitive Performance in Multiple Sclerosis 


Do Diagnostic Type, Disease Duration, and Disability Matter? 


William W. Beatty, PhD; Donald E. Goodkin, MD; Doris Hertsgaard, PhD; Nancy Monson 


€ Patients with chronic progressive 
multiple sclerosis often perform more 
poorly on cognitive tasks than do patients 
with the relapsing-remitting form of this 
disease. Whether these differences re- 
flect an independent influence of disease 
type on cognitive performance is uncer- 
tain. We used multiple regression tech- 
niques to determine how well performance 
on a number of tasks done poorly by 
groups of patients with multiple sclerosis 
could be predicted by disease type and its 
confounds: age, disease duration, and dis- 
ability status as well as other demographic 
variables. Disease types were assigned 
longitudinally, based on serial neurologi- 
cal examinations at 6-month intervals over 
a minimum of 2 years. None of the demo- 
graphic or clinical variables predicted cog- 
nitive performance with more than minimal 
accuracy. These findings fail to provide 
support for the assertion that disease type 
is an important independent determinant 
of cognitive impairment in multiple sclero- 
sis. 

(Arch Neurol. 1990;47:305-308) 


Thre type of disease course is believed 
to be an important determinant of 
the disturbances in the cognitive per- 
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formance of patients with multiple 
sclerosis (MS) that have been demon- 
strated consistently on measures of 
information-processing speed, an- 
terograde learning and memory, and 
problem solving.” The assignment of 
disease types in prior studies is largely 
retrospective, and precise definitions 
are usually lacking. Recent reports 
have shown that adherence to disease 
type in longitudinally followed popu- 
lations of patients with MS is highly 
variable.? Given this variability, cor- 
relation between disease type and de- 
mographic or other disease-related 
variables might also be expected to 
vary as time passes. 

In the present study, we examined 
the contributions of disease type, dis- 
ease duration, and disability status to 
cognitive performance by patients 
with MS. All patients were examined 
every 6 months for a minimum of 2 
years, and disease types were assigned 
based on precise reproducible defini- 
tions. Multiple regression techniques 
were employed in an attempt to avoid 
the methodological difficulties attrib- 
uted to earlier studies." 


PATIENTS AND METHODS 


Eighty-five patients (27 males and 58 fe- 
males), who met diagnostic criteria'^ for 
clinically definite MS, had a disease course 
type assigned after 2 years of prospective 
follow-up and yearly thereafter based on 
standardized neurological examinations 
performed every 6 months. All patients had 
neuropsychological testing performed after 
they had been followed up for a minimum of 
2 years. At least 1 month elapsed between 
the end of treatment for a relapse (cortico- 


tropin or prednisone therapy) and neuro- 
psychological testing. 

Exacerbation was defined as a perceived 
worsening of old symptoms or appearance 
of new symptoms accompanied by a wors- 
ening of at least 1.0 point on the ambulation 
index (AI) or at least 0.5 point on the ex- 
panded disability status scale (EDSS)!* 
lasting for more than 5 and no more than 60 
days. Stable disease was defined as the ab- 
sence of exacerbation(s) and lack of change 
in the EDSS and AI for 2 years. Relapsing- 
remitting (RR) disease was defined as the 
occurrence of exacerbation(s) within 2 
years of follow-up. Chronic progressive 
(CP) disease was defined as the absence of 
exacerbations within 1 year of follow-up 
and the occurrence of gradual deterioration 
in function associated with at least 0.5 point 
on the EDSS or at least 1.0 point on the AI 
lasting more than 2 months. 

Forty-two patients had the RR form of 
MS, and 48 patients had the CP form of the 
disease, based on the results of their neuro- 
logical examinations within the 3 months 
prior to their neuropsychological testing. 
For purposes of this study, the disease type 
assigned at this time was used even if the 
case was subsequently reclassified. The en- 
tire sample averaged 43.6 + 10.9 years of 
age, 14.0 +2.4 years of education, 
11.6 + 10.3 years of disease (since diagno- 
sis), 4.4 + 2.8 points on the EDSS, and 
4.0 + 2.9 points on the AI. The mean age at 
the time of diagnosis of MS was 31.9 + 8.4 
years. Patients in the CP group were sig- 
nificantly older, more severely disabled on 
the EDSS and AI, and had longer duration 
of disease than did the patients in the RR 
group (P <.001 for all groups), but the 
groups did not differ in education. In addi- 
tion, patients with the CP form of disease 
were slightly younger than were the pa- 
tients with the RR form of disease at the 
time of diagnosis (P < .05). 

Results on an extensive battery of neu- 


Cognitive Performance in MS—Beatty et al 305 


ropsychological tests have been reported 
for 38 of the patients with the CP form of 
disease.' Five additional patients with the 
CP form of MS subsequently underwent 
testing on the same battery of tests, and the 
data from these tests were included in the 
analysis described in this report. In other 
studies,'"!* 22 of these patients with the CP 
form of MS were tested using the facial 
recognition, judgment of affect, and Wis- 
consin Card Sort tests described below. The 
smaller samples of patients tested using 
these measures were representative of the 
larger sample of patients with the CP form 
of disease with respect to all clinical and 
demographic variables.’ 

Subsequently, we revised the neuropsy- 
chological battery, eliminating some mea- 
sures that seemed redundant and one mea- 
sure of learning and memory (map learn- 
ing) that proved very difficult for patients 
with impairments of visual acuity. All 42 
patients with the RR form of disease com- 
pleted this revised battery. Comparison of 
their performance with that of age-, educa- 
tion-, and gender-matched control subjects 
is reported elsewhere"? for all measures 
except the affective judgment task. On this 
test, patients with the RR form of MS and 
control subjects did not differ significantly. 
The sample of 42 patients with the RR form 
of disease was representative of the larger 
clinie population of 212 patients with the 
same form of MS with respect to age (mean, 
38.1 vs 38.2 years) and AI grade (mean, 1.80 
vs 1.79), but the participants in the study 
had shorter disease duration (mean, 4.3 vs 
6.3 years; P < .01) and lower scores on the 
EDSS (mean, 2.10 vs 2.79; P < .05) than did 
the overall clinic population of patients 
with the RR form of disease. 

Global mental status was evaluated with 
the Mini-Mental State examination,” de- 
pression with the Beck Depression 
Inventory,” facial perception with the short 
form of the Benton Facial Recognition 
Test,” problem-solving ability with the 
Wisconsin Card Sort,” spontaneous visual 
confrontation naming of objects with the 
Boston Naming Test,” and speed of pro- 
cessing novel information with the oral 
version of Symbol Digit Modalities.” These 
tests were administered and scored ac- 
cording to procedures described in pub- 
lished test manuals and in earlier re- 
ports." 

Three measures of long-term antero- 
grade learning and memory of a list of 14 
unrelated words were employed. They in- 
cluded overall performance on immediate 
free recall on the four acquisition trials, 
delayed recall, and delayed (yes-no) recog- 
nition (30-minute-long delay). Short-term 
verbal memory was the number of words 
recalled on a version of the Brown-Peterson 
task.” 

The remote memory battery’ included 
questions about famous people and public 
events drawn from four decades (the 1950s 
through the 1980s). Overall performance, 
combined across decades and type of ques- 
tion (ie, famous faces or events) for recall 
and recognition, comprised the dependent 
variables. 

Two measures of verbal fluency were 
used. On the letter fluency test, patients 
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Table 1.—Product-Moment Correlations Among Potential Predictors of Cognitive 
Performance* 


Age at 
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Education Gendert Diagnosis Duration EDSS Al Typet 

= 15 .04 .45 .69 42 .38 .50 

Education uA .06 .00 zu —.24 -—2 =- T2 
Gender .02 .03 .08 .06 
Age at diagnosis —.33 =.20 —.23 
Disease duration .61 .58 
EDSS .96 








Al k 





*ForN = 85, the critical values of rare the following: P = .05, r = .21; P = .01,r = .28;P = .001,r = .36. 





AT 


EDSS indicates expanded disability status scale'5; Al, ambulation index. 


10, female; 1, male. 


+0, relapsing-remitting multiple sclerosis; 1, chronic progressive multiple sclerosis. 


Table 2.— Stepwise Multiple Regression Analyses of Predictors of Disability Status * 


Multiple 
Best Predictor R? 
Type 0.56 
Type 0.59 





Other Significant Multiple 
Predictors R? 

0.62 

0.66 


Disease duration, education 
Education, disease duration 


* Al indicates ambulation index; EDSS, expanded disability status scale.' 


Table 3.—Product-Moment Correlations Between Predictors and Neuropsychological 
Variables * 


Age Education Gendert Diagnosis Duration EDSS Al 


Verbal memory 
STM 


Immediate recall 
Delayed recall 


Delayed 
recognition 


Remote memory 
recall 


Recognition 


Verbal fluency 
FAS 


Categories 





Judgment of affect 


WCST 
Categories 
Perseveration errors — .22 


Ageat Disease Diagnosis 


Type} MMSE 





*N = 64 for Wisconsin Card Sort (WCST), Benton Facial Recognition Test (BFRT) and judgment of affect; 
N = 85 for all other variables. For N = 64, the critical values of r are the following: P = .05, r = .24; P = .01, 
r = .32; P = .001, r = .42. For N = 85, the critical values of r are the following: P = .05, r= .21; P = .01, 
r = .28; P = .001, r = .36. EDSS indicates expanded disability status scale;'* Al, ambulation index; MMSE, 
Mini-Mental State examination; BDI, Beck Depression Inventory; SDMT, Symbol Digit Modalities Test; STM, 
short-term memory;'? FAS, reproduction of words beginning with the letters F, A, and S; BNT, Boston Naming 


Test; and BFRT, Benton Facial Recognition Test. 
10, female; 1, male. 


+0, relapsing-remitting multiple sclerosis; 1, chronic progressive multiple sclerosis. 


were required to produce as many words as 
possible that begin with the letters F, A, 
and S, presented in that order. On the cat- 
egory fluency test, patients were asked to 
generate names of animals, fruits, and 
parts of the body. Sixty seconds was allowed 
for each letter or category. The total num- 
ber of correct words generated to the target 


letters of categories constituted the depen- 
dent variables. 

Judgment of affect was studied by having 
patients select the emotional state (anger, 
fear, happiness, sadness, surprise, disgust, 
or neutral) conveyed by the facial expres- 
sion of each of the 110 stimuli developed by 
Ekman and Friesen.” 
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Table 4.— Results of Stepwise Multiple Regression Analyses of Demographic 
Neurological Predictors of Neuropsychological Variables * 












Best Multiple Other Significant Multiple 
Predictor R Predictors R 
MMSE Education 0.08 












































BDI CD Ae i - 
SDMT EDSS 0.38 Gender 0.42 
Verbal Memory 
STM Type 0.21 Education 0.34 
Immediate recall Gender 0.13 Education 0.21 
Delayed recall Gender 0.17 Al 0.22 












Delayed recognition Gender 


Remote Memory 











0.12 
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Recall Education 0.14 

Recognition Education 0.14 
Verbal fluency 

FAS Education 0.23 Gender 0.29 

Categories EDSS 0.29 Education, gender 0.44 
BNT Education 0.19 Type 0.25 
BFRT EDSS 0.25 deed "m 
Judgment of affect Type 0.36 Education 0.51 
WCST 

Categories Al 0.10 

Perseveration errors Education 0.08 


" EDSS indicates expanded disability status scale;'® Al, ambulation index; MMSE, Mini-Mental State exam- 





ination; BDI, Beck Depression Inventory; SDMT, Symbol Digit Modalities Test; STM, short-term memory; FAS, 
reproduction of words beginning with the letters F, A, and S; BNT, Boston Naming Test; and BFRT, Benton Fa- 


cial Recognition Test. 


RESULTS 
Correlations among the clinical and 
demographic variables potentially 


predicting cognitive performance are 
listed in Table 1. As expected, disease 
duration, disease type, and disability 
status were strongly associated. 
Higher levels of education were 
weakly correlated with lower levels of 
disability, but gender was unrelated to 
any parameter of disease activity. 

Disease type was an excellent pre- 
dictor of level of disability, accounting 
for more than 55% of the variance in 
the EDSS and AI scores (Table 2). 
Adding disease duration and level of 
education significantly improved the 
accuracy of prediction, albeit slightly. 
Gender, age at testing, and age at 
diagnosis did not contribute to the 
prediction of disability. 

Correlations among the potential 
clinical and demographic predictors 
and the measures of depression and 
various aspects of cognitive function 
are listed in Table 3. Since 143 correla- 
tions were computed, the results of any 
single correlation should be inter- 
preted conservatively. Increases in age 
and lower levels of education were as- 
sociated with poorer performance on 
measures of information-processing 
speed (Symbol Digit Modalities), an- 
terograde verbal memory (short-term 
verbal memory and recall and recog- 
nition of the list of unrelated words), 
and problem solving (Wisconsin Card 
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Sort). Judgment of affect was related 
to age and education in a similar way. 
Poorer performance on all cognitive 
measures except remote memory was 
associated with longer duration of dis- 
ease, greater disability (EDSS and AI), 
and the CP form of disease. Perfor- 
mance by male patients was somewhat 
worse than that of female patients on 
Symbol Digit Modalities, long-term 
verbal memory, category fluency, the 
Benton Facial Recognition Test, and 
judgment of affect tasks, but not on 
other measures. Age at diagnosis was 
unrelated to neuropsychological per- 
formance. Depression (Beck Depres- 
sion Inventory) was not correlated 
with any of the clinical or demographic 
variables. 

Table 4 summarizes the results of 
stepwise multiple regression analyses 
intended to determine which of the 
clinical and demographic variables 
contributed significantly to the predic- 
tion of variability in the neuropsycho- 
logical performance of the patients 
with MS. First, note that disease type 
was the best predictor on only two of 
the dependent variables considered 
(short-term verbal memory and judg- 
ment of affect) and contributed to the 
accuracy of prediction on one addi- 
tional variable (Boston Naming Test). 
Second, observe that neurological in- 
dices of disability (EDSS and AI) were 
only slightly more useful, emerging as 
the best predictors of performance on 
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four variables (Symbol Digit Modali- 
ties, category fluency, Benton Facial 
Recognition Test, and the number of 
categories achieved on the Wisconsin 
Card Sort). Ambulation index ratings 
also increased the accuracy of predic- 
tion on only the delayed recall and de- 
layed recognition measures, which are 
so highly interrelated (r = .74, 
P < .001) that they are probably as- 
sessing very similar cognitive pro- 
cesses. On 9 of the remaining 10 de- 
pendent variables, variability in per- 
formance was best accounted for by 
gender or education. These variables 
increased the accuracy of prediction on 
five other measures. Chronological 
age, age at diagnosis, and disease du- 
ration were not effective as predictors 
of cognitive performance. Variation in 
Beck Depression Inventory scores 
could not be predicted accurately by 
any of the clinical or demographic 
variables we employed. Finally, for all 
of the dependent variables the propor- 
tion of variance (R?) accounted for by 
the predictor, alone or in combination, 
was modest. 


COMMENT 


In the present study, we found that 
whether a patient carried the diagno- 
sis of the CP or RR form of MS at the 
time of testing contributed to the ac- 
curate prediction of performance on 
only 3 of 15 cognitive variables that we 
measured. These findings do not sup- 
port a prior study that concluded that 
disease type is an important indepen- 
dent determinant of neuropsychologi- 
cal impairment in MS." The present 
findings suggest that assigned disease 
type, even when operationally defined 
by objective criteria applied over a 
2-year period, is of little value for cli- 
nicians who wish to estimate the cur- 
rent levels of cognitive functioning of 
their patients with MS. 

Neurological measures of disability 
proved only slightly better, contribut- 
ing to the prediction of performance on 
Symbol Digit Modalities, the Benton 
Facial Recognition Test, category flu- 
ency, and one measure of problem 
solving from the Wisconsin Card Sort. 
Normal performance on Symbol Digit 
Modalities or the Benton Facial Rec- 
ognition Test requires good visual acu- 
ity, while both Symbol Digit Modali- 
ties and category fluency tasks place a 
premium on rapid information pro- 
cessing. It is not surprising, therefore, 
that these functions are more severely 
compromised in patients with greater 
overall levels of disability. Disease du- 
ration, and age at diagnosis, on the 
other hand, contributed essentially 
nothing to the prediction of neuropsy- 
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chological test performance by pa- 
tients with MS. In contrast, gender and 
education were statistically signifi- 
cant predictors on some cognitive mea- 
sures. It is extremely important to 
stress, however, that none of the clin- 
ical or demographic variables pre- 
dicted | neuropsychological perfor- 
mance on the tests we selected accu- 
rately enough to be of any practical 
importance. It should be noted, how- 
ever, that we chose tests that mini- 
mized the importance of motor speed 
and skill. Had we used measures like 
reaction time or tests of manual dex- 
terity, our conclusions might have 
been different. 

Although disease type was not a 
useful predictor of cognitive perfor- 
mance by patients with MS, this diag- 
nostic variable was highly correlated 
with disability status and was a much 
better predictor of level of disability 
than either disease duration or age at 
diagnosis. Since deterioration of the 
functions objectified by the EDSS and 
AI is the defining characteristic of the 
CP form of MS, this result is essen- 
tially tautological. Furthermore, it is 
important to remember that adher- 
ence to disease course type is variable 
for a period of time in MS and that the 
type assigned at one point in time is 
not a reliable predictor of the level or 
rate of change of disability during 1 to 
5 years of longitudinal follow-up." 
Based on the present findings, it seems 
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unlikely that diagnostic type assigned 
after 1 or 2 years would provide a use- 
ful indicator of future performance on 
cognitive tests. Serial measurements 
of neuropsychological performance 
will be required to establish whether it 
is true for populations that are longi- 
tudinally followed-up in which disease 
types are precisely defined. 

Both education and gender contrib- 
uted to accurate prediction of perfor- 
mance on several cognitive measures, 
although their influence was weak. In 
addition, education was related to dis- 
ability status. The better performance 
of the more highly educated patients 
on cognitive tests can be accounted for 
by assuming that these patients exhib- 
ited higher levels of premorbid func- 
tion than did the less well-educated 
patients with MS and that the rate of 
decline in performance on cognitive 
tests was unrelated to level of educa- 
tion. It is difficult, however, to explain 
the lower levels of physical disability 
of the better educated patients by a 
similar line of reasoning. At present 
we have no explanation for this unex- 
pected result. 

The present finding that the gender 
of the patients contributed signifi- 
cantly to the accuracy of predicting 
performance on Symbol Digit Modali- 
ties, long-term verbal memory, and 
verbal fluency was also unforeseen. 
In an attempt to understand this re- 
sult, we reexamined our data from pa- 
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Sensory Impairment in the Hands Secondary to 
Spondylotie Compression of the Cervical Spinal Cord 


Rhonda R. Voskuhl, MD, Richard C. Hinton, MD 


@ In a 5-year period, 11 patients with 
spondylotic compression of the cervical 
spinal cord presented with a clinical pic- 
ture dominated by glove-distribution sen- 
sory loss in the hands. Compressive le- 
sions in each case were documented by 
myelography. The hand sensory loss was 
often global, and in some patients the in- 
volvement extended proximally as far as 
the elbows. Motor findings in the hands 
were no more than mild to moderate, as 
were motor and sensory findings in the 
legs. Nine patients improved with surgical 
decompression. The syndrome may result 
from ischemia to the intrinsic border areas 
of collateralization between the superfi- 
cial pial network and the central arterial 
supply to the cervical cord, although 
venous stagnation may also play a role. 
This clinical presentation should always 
raise the suspicion of a cervical myelopa- 
thy, which is potentially treatable. 

(Arch Neurol. 1990;47:309-311) 


(Compression lesions of the cervical 

spinal cord most commonly result 
in proximal weakness of the legs and 
impairment of vibration sense in the 
feet, although cases with predomi- 
nant hand involvement have been 
reported.** Over the past 5 years, 13 
patients have presented to our institu- 
tion with a striking glove-distribution 
sensory loss in the hands. All were 
found to have a cervical myelopathy, 
and in 11 cases the cause was spondy- 
lotic compression of the cervical spinal 
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cord. We report these 11 cases to call 
attention to an atypical presentation 
of a common and potentially treatable 
condition and to discuss the patho- 
physiology of this clinical syndrome. 


PATIENTS AND METHODS 


Patients were included in this study if 
they presented with primary sensory symp- 
toms in the hands and were found on clin- 
ical examination to have glove-distribution 
sensory loss. To evaluate a homogeneous 
group of patients, only those with objective 
clinical deficits were studied, and patients 
with only subjective paresthesias in the 
hands were excluded. Those with segmental 
or partial sensory impairment in the hands, 
suggesting radiculopathy or peripheral 
nerve involvement, were also excluded. 
Thirteen patients fulfilled the criteria for 
inclusion in the study. Two of these were 
excluded, 1 with syringomyelia and 1 who 
was later discovered to have multiple scle- 
rosis, leaving a total of 11 patients. 

Each patient was examined by one of the 
authors. Motor strength was graded ac- 
cording to the following 10-point scale: 
mild weakness, 7 to 9; moderate weakness, 
4 to 6; and severe weakness, 0 to 3. Deep 
tendon reflexes were graded on an increas- 
ing scale from 0 to 4+, with 4+ represent- 
ing clonus. 

AII patients underwent contrast myelog- 
raphy. Radiographic descriptions included 
complete block, in which no dye penetrated 
past an area of obstruction in the spinal ca- 
nal; incomplete block, in which only small 
amounts of dye escaped; and cord compres- 
sion without significant block graded from 
mild to severe. Two patients underwent 
magnetic resonance imaging studies as 
well. Electromyography and nerve conduc- 
tion studies were performed in 7 patients. 


RESULTS 
There were six men and five women, 


ranging in age from 48 to 83 years, with 
an average age of 66 years. The dura- 


tion of illness ranged from 2 weeks to 
3 years, with an average of approxi- 
mately 8 months. Impairment of sen- 
sation in a glove distribution was the 
chief complaint in all 11 patients. In 2 
patients, symptoms were precipitated 
by trauma to the neck, while in the re- 
maining 9, symptoms began insidi- 
ously and progressed slowly. Involve- 
ment of bladder and bowel was notably 
absent in all cases. 

Table 1 summarizes the clinical 
findings in the patients. All had prom- 
inent glove-distribution sensory loss 
in the hands. Diminished light touch to 
the level of the elbow or higher was 
demonstrated in 8 patients, while in 3 
this extended only to the level of the 
wrist. Pinprick sensation was im- 
paired to the level of the elbow in 7 and 
to the wrist in 3, and was intact in 1 
patient. Absent sense of vibration and 
severe impairment of joint position 
sense was found in 9 patients. There 
was mild to moderate weakness of 
shoulder abduction in 7 and of hand 
grip in 5. Three patients had very mild 
atrophy of the intrinsic hand muscles, 
although no fasciculations were seen. 

Sensory impairment in the lower 
extremities was mild in these patients. 
Diminished light touch was present in 
2, impairment of joint position sense in 
2, and diminished sensation to pin- 
prick in 1. Nine patients had impair- 
ment of vibration sense in the toes. 
Mild to moderate weakness of hip flex- 
ion was found in 6 patients. Eight pa- 
tients had at least 3+ reflexes and/or 
a positive Babinski's reflex. The pa- 
tients with hip flexion weakness all 
had increased reflexes. 

Spinal fluid analysis was performed 
in 9 cases, and in 8 of these the protein 
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Table 1.—Examination Results 


Upper extremities 
Sensory 


Diminished light touch to the elbows or higher in 72%, to the wrist in 27% 
Diminished pinprick sensation to the elbows or higher in 64%, to the wrist in 27% 
Diminished joint position sense and vibration in fingers in 82% 


Motor 


Mild to moderate weakness of shoulder abduction in 6496 
Mild to moderate weakness of hand grips in 45% 


Interosseous wasting in 27% 
Lower extremities 
Sensory 
Diminished vibration in 82% 


Diminished light touch and joint position sense in 1896 
Diminished pinprick sensation in 996, with impairment never higher than the ankle 


Motor 


Mild to moderate weakness of hip flexion in 5496 


Deep tendon reflexes 


Increased, clonus, or Babinski's reflex in 7296 
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Fig. 1.—Segmental arrangement of nerve fibers within the cervical cord. C indicates cervical; Th, 
thoracic; L, lumbar; and S, sacral. Reprinted with permission from Adams and Victor.® 


level was elevated from 0.65 to 1.56 g/ 
L, with an average of 0.90 g/L. 

Myelography demonstrated severe 
spinal cord compression from cervical 
spondylosis in all cases (Table 2). In 9 
cases the level was as high as C-3. 
Complete or incomplete block was 
present in four instances at C3-4, twice 
at C4-5, in three instances at C5-6, and 
once each at C6-7 and C7-T1. Mild fo- 
raminal stenosis was noted in 5 cases. 
Myelomalacia was noted in the two 
cases in which magnetic resonance 
imaging was performed. Electromy- 
ography and nerve conduction velocity 
studies were done in 7; conduction ve- 
locities were normal in all patients, 
and electromyography revealed find- 
ings consistent with chronic radicu- 
lopathy. 
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Nine patients eventually underwent 
a decompressive laminectomy, and all 
improved to some degree with the sur- 
gery. Two were managed conserva- 
tively and have remained unchanged 
to this date. 


COMMENT 


External compression of the cervical 
spinal cord most commonly produces 
lower-extremity weakness and loss of 
vibration sense in the feet. This clini- 
cal presentation is in contrast to the 
cases presented here, in which sensory 
symptoms in the hands dominated the 
clinical picture and only mild motor 
findings were present. Although mul- 
tiple levels of compression were com- 
mon in this series, the most severe le- 
sions were generally distributed in the 


Table 2.—Myelographic Results 


Severe spondylosis up to C-3 in 82% 
Block or near-block at 

C3-4 level: 4 times 

C4-5 level: 2 times 

C5-6 level: 3 times 

C6-7 level: 1 time 

C7-T1 level: 1 time 
Mild foraminal encroachment in 45% 










upper cervical spine. A very similar 
group of patients with “numb, clumsy 
hands” was reported by Good et al’ and 
by England et al.’; in both of these se- 
ries, the lesions were also in the upper 
cervical spine. The more central cord 
involvement in these cases is difficult 
to explain on the basis of direct com- 
pression of the cord, and other mecha- 
nisms must be considered, such as 
vascular insufficiency to the cord. The 
literature seems to support this vascu- 
lar explanation, and a number of types 
of vascular insult to the cervical cord 
have been described. 

Infarction in the territory of the an- 
terior spinal artery itself is a rare con- 
dition because of the rich collateral 
supply to the cord. Moreover, its loca- 
tion within the anterior sulcus affords 
some protection from external 
compression.’ The clinical picture of 
anterior spinal artery occlusion in the 
cervical region consists of varying de- 
grees of quadriparesis and a dissoci- 
ated sensory loss, with loss of pain and 
temperature because of spinothalamic 
tract involvement and with relative 
sparing of vibratory sense and propri- 
oception. This distribution of clinical 
findings is certainly in contrast to the 
findings in our cases. 

Venous stagnation has been pro- 
posed as a mechanism of injury to the 
cord from external compression. In the 
study by Taylor and Byrnes,’ plastic 
“tumors” were inserted into the sub- 
arachnoid space of monkeys at C2-3. 
At autopsy, pathologic changes were 
confined almost exclusively to the gray 
matter of the cord, with hemorrhages 
and hypoxie changes noted. The 
changes were present from C-5 to T-2, 
with maximum change at the C7-8 
level. The paracentral veins were pro- 
gressively more dilated from C-5 down 
to C-8, suggesting a rostral flow in 
venous drainage from the gray matter 
of the cord. This mechanism may well 
explain atrophy of intrinsic hand mus- 
cles in cases of foramen magnum tu- 
mors and in compression lesions of the 
high cervical cord.* In most of the cases 
reported by Stark et al motor find- 
ings predominated with atrophy of in- 
trinsic hand muscles, and sensory 
findings were minimal. In contrast, the 
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Fig 2.— Watershed region of blood supply to the cervical spinal cord. Reprinted with permission 


from Turnbull et al.'° 


patients described here had minor mo- 
tor findings, mainly with loss of dex- 
terity, while sensory symptoms domi- 
nated the picture with prominent 
glove-distribution loss of all modali- 
ties of sensation. 

The clinieal findings in our cases 
seem to require an additional explana- 
tion. Considering the segmental ar- 
rangement of nerve fibers within the 
cervical cord (Fig 1), the most heavily 
involved anatomic structures appear 
to lie within the cord in a cireumferen- 
tial rim of tissue, namely, the medial 
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spinothalamic and medial corticospi- 
nal tracts as well as the funiculus cu- 
neatus, although there is some evi- 
dence that position and vibration 
sense may be carried in the dorsal 
spinocerebellar tracts. Evidence of 
gray matter involvement with atrophy 
was minimal. Allowing for anatomic 
variation, this pattern of involvement 
resembles the distribution of areas of 
collateralization between the superfi- 
cial pial network and the central arte- 
rial supply to the cord, the so-called 
watershed area.*’ The anterior spinal 
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artery supplies the central portions of 
the anterior two thirds of the cord via 
the central (sulcal) arteries, while the 
remaining anterior rim of white mat- 
ter and posterior one third of the cord 
is supplied by a superficial pial net- 
work. As expected, this pial arterial 
network is formed from the posterior 
spinal artery posteriorly and anteri- 
orly from the anterior spinal artery. 
Lazorthes? and Turnbull et al? have 
called attention to this border area be- 
tween the two arterial systems as be- 
ing potentially vulnerable to an overall 
reduction in blood flow, as might occur 
from generalized compression of a seg- 
ment of spinal cord (Fig 2). Why some 
individuals develop the syndrome de- 
scribed here may depend on the degree 
of overlap in this dual arterial supply, 
and thus on the adequacy of blood 
supply to the watershed region. 

We conclude that the presentation 
of glove-distribution sensory loss in 
the hands is almost always indicative 
of a cervical myelopathy and the most 
common cause is compression second- 
ary to cervical spondylosis. The patho- 
physiology of the clinical syndrome 
has not been proven and may be mul- 
tifactorial. The clinical syndrome may 
well be secondary to a reduction in 
blood supply to the border areas lying 
between the central arterial supply to 
the cord and superficial pial network, 
although other mechanisms such as 
venous stagnation may also play a role. 
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The mechanisms AGEROUUn for selegiline's beneficial adjunctive action in the treatment of 
Parkinson's disease are not fully understood. Inhibition of monoamine oxidase, type B, activity 
is generally considered to be of primary importance; in addition, there is evidence that selegiline 
may act through other mechanisms to increase dopaminergic activity. 


INDICATIONS AND USAGE: 

ELDEPRYL is indicated as an adjunct in the management of Parkinsonian patients being treated 
with levodopa/carbidopa who exhibit deterioration in the quality of their response to this therapy. 
There is no evidence from controlled studies that selegiline has any beneficial effect in the 
absence of concurrent levodopa therapy. 

Evidence supporting this claim was obtained in randomized controlled clinical investigations 
that compared the effects of added selegiline or placebo in patients receiving levodopa/car- 
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employed: change from baseline in daily levodopa/carbidopa dose, the amount of ‘off’ time, 
and patient self-rating of treatment success. Beneficial effects were also observed on other 
measures of treatment success (e.g., measures of reduced end of dose akinesia, decreased 
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IDICATIONS: 
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Because of reports of fatal interactions, MAOIs are ordinarily contraindicated for use with 
meperidine (DEMEROL & other tradenames), This warning is often extended to other opioids 
Because the mechanism of interaction between MAOIs and meperidine is unknown, it seems 
prudent, in general, to avoid this combination 


PRECAUTIONS: 

General 

Some patients given selegiline may experience an exacerbation of levodopa associated side 
effects. presumably due to the increased amounts of dopamine reacting with super-sensitive 
post-synaptic receptors. These effects may often be mitigated by reducing the dose of levodopa/ 
carbidopa by approximately 10 to 30%. 

The decision to prescribe selegiline should take into consideration that the MAO system 
of enzymes is complex and incompletely understood and there is only a limited amount of 
carefully documented clinical experience with selegiline Consequently, the full spectrum of 
possible responses to selegiline may not have been observed in pre-marketing evaluation of 
the drug. It is advisable, therefore, to observe patients closely for atypical responses 


Information for Patients 
Patients should be advised of the possible need to reduce levodopa dosage after the initiation 
of ELDEPRYL therapy. 

Patients (or their families if the patient is incompetent) should be advised not to exceed 
the daily recommended dose of 10 mg. The risk of using higher daily doses of selegiline should 
be explained, and a brief description of the ‘cheese reaction’ provided. While hypertensive 
reactions with selegiline have not been reported, documented experience is limited. Con- 
sequently, it may be useful to inform patients (or their families) about the signs and symptoms 
associated with MAOI induced hyperonaye reactions. In particular, patients should be urged 
to report, immediately, any severe headache or other atypical or unusual symptoms not previously 
experienced. 


Laboratory Tests 
No specific laboratory tests are deemed essential for the management of patients on ELDEPRYL 
Periodic routine evaluation of all patients, however, is appropriate. 


Drug Interactions 
No interactions attributed to the combined use of selegiline and other drugs have been reported 
However, because the database of documented clinical experience is limited, the level of 
reassurance provided by this lack of adverse reporting is uncertain (See WARNINGS and 
PRECAUTIONS.) 


Carcinogenesis, Mutagenesis, and Impairment of Fertility 

Studies have not been performed to date to evaluate the carcinogenic potential of selegiline 
hydrochloride 

Pregnancy 

Pregnancy category C. Insufficient animal reproduction studies have been done with selegiline 
to conclude that selegiline poses no teratogenic risk. However, one rat study carried out at 
doses as much as 180 fold the recommended human dose revealed no evidence of a teratogenic 
effect. It is not known whether selegiline can cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Selegiline should be given to a pregnant woman 
only if clearly needed 


Nursing Mothers 

It is not known whether selegiline hydrochloride is excreted in human milk. Because many 
drugs are excreted in human milk, consideration should be given to discontinuing the use of 
all but absolutely essential drug treatments in nursing women 


Pediatric Use 
The effects of selegiline hydrochloride in children have not been evaluated 


ADVERSE REACTIONS: 

Introduction 

The number of patients who received selegiline in prospectively monitored pre-marketing studies 
is limited. While other sources of information about the use of selegiline are available (e.g.. 
literature reports, foreign post-marketing reports, etc.) they do not provide the kind of information 
necessary to estimate the incidence of adverse events. Thus, overall incidence figures for 
adverse reactions associated with the use of selegiline cannot be provided Many of the adverse 
reactions seen have been also reported as symptoms of dopamine excess. 

Moreover, the importance and severity of various reactions reported often cannot be ascer- 
tained. One index of relative importance, however, is whether or not a reaction caused treatment 
discontinuation. In prospective pre-marketing studies, the following events led, in decreasing 
order of frequency, to discontinuation of treatment with selegiline: nausea, hallucinations, con- 
fusion, depression, loss of balance, insomnia, orthostatic hypotension, increased akinetic in- 
voluntary movements, agitation, arrhythmia, bradykinesia, chorea, delusions, hypertension, new 
or increased angina pectoris and syncope. Events reported only once as a cause of discontinu- 
ation are ankle edema, anxiety, burning lips/mouth, constipation, drowsiness/lethargy, dystonia, 
excess perspiration, increased freezing, gastrointestinal bleeding, hair loss, increased tremor, 
nervousness, weakness and weightloss 

Experience with ELDEPRYL obtained in parallel, placebo controlled, randomized studies 
provides only a limited basis for estimates of adverse reaction rates. The following reactions 
that occurred with greater frequency among the 49 patients assigned to selegiline as compared 
to the 50 patients assigned to placebo in the only parallel, placebo controlled trial performed 
in patients with Parkinson's disease are shown in the following Table. None of these adverse 
reactions led to a discontinuation of treatment. 


Ee YT IITA ` r EE 
INCIDENCE OF TREATMENT-EMERGENT ADVERSE EXPERIENCES IN 
THE PLACEBO-CONTROLLED CLINICAL TRIAL 


Number of Patients Reporting Events 
selegiline placebo 
hydrochloride 

N=49 N=50 
Nausea 10 
Dizziness/Lightheaded/Fainting j^ 
Abdominal Pain 4 
Confusion 3 
Hallucinations 3 
Dry mouth 3 
2 

2 

2 
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Adverse Event 


Vivid Dreams 
Dyskinesias 
Headache 


The following events were reported once in either or both groups: 


Ache, generalized 
Anxiety/Tension 
Anemia 

Diarrhea 

Hair Loss 
Insomnia 
Lethargy 

Leg pain 

Low back pain 
Malaise 
Palpitations 
Urinary Retention 
Weight Loss 
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In all prospectively monitored clinical investigations, enrolling approximately 920 patients, 
the following adverse events, classified by body system, were reported 


CENTRAL NERVOUS SYSTEM: 
Motor/Coordination/Extrapyramidal: increased tremor, chorea, loss of balance, restlessness, 
blephorospasm, increase radykinesia, facial grimace, falling down, heavy leg, muscle twitch’, 
myoclonic jerks", stiff neck, tardive dyskinesia, dystonic symptoms, dyskinesia, involuntary 
movements, freezing, festination, increased apraxia, muscle cramps 

Mental Status/Behavioral/Psychiatric: hallucinations, dizziness, confusion, anxiety, depres- 
sion. drowsiness, behavior/mood change, dreams/nightmares, tiredness, delusions, disorienta- 
tion, lightheadedness, impaired memory’, increased energy’, transient high*, hollow feeling, 
lethargy/malaise, apathy, overstimulation, vertigo, personality change, sleep disturbance, re- 
stlessness, weakness, transient irritability. 

Pain/Altered Sensation: headache, back pain, leg pain, tinnitus, migraine, supraorbital pain, 
throat burning, generalized ache, chills, numbness of toes/fingers, taste disturbance 


AUTONOMIC NERVOUS SYSTEM: 
dry mouth, blurred vision, sexual dysfunction 


CARDIOVASCULAR: 
orthostatic hypotension, hypertension, arrhythmia, palpitations, new or increased angina pec- 
toris, hypotension, tachycardia, peripheral edema, sinus bradycardia, syncope. 


GASTROINTESTINAL: 
nausea/vomiting, constipation, weight 
heartburn, rectal bleeding, bruxism” 


GENITOURINARY/GYNECOLOGIC/ENDOCRINE: 
slow urination, transient anorgasmia*, nocturia, prostatic hypertrophy, urinary hesitancy, urinary 
retention, decreased penile sensation’, urinary frequency, 


SKIN AND APPENDAGES: 
increased sweating, diaphoresis, facial hair, hair loss, hematoma, rash, photosensitivity, 


MISCELLANEOUS: 
asthma, diplopia, shortness of breath, speech affected 
"indicates events reported only at doses greater than 10 mg/day. 


OVERDOSAGE: 
Selegiline 
No specific information is available about clinically significant overdoses with ELDEPRYL. How- 
ever, experience gained during selegiline's development reveals that some individuals exposed 
to doses of 600 mg d.! selegiline suffered severe hypotension and psychomotor agitation 
Since the selective inhibition of MAO B by selegiline hydrochloride is achieved only at 
doses in the range recommended for the treatment of Parkinson's disease (e.g., 10 mg/day), 
overdoses are likely to cause significant inhibition of both MAO A and MAO B. Consequently, 
the signs and symptoms of overdose may resemble those observed with marketed non-selective 
MAC inhibitors [e.g.. tranylcypromine (PARNATE), isocarboxazide (MARPLAN), and phenelzene 
(NARDIL)] 


Overdose with Non-Selective MAO Inhibition 
NOTE: This section is provided for reference; it does not describe events that have actually 
been observed with selegiline in overdose 

Characteristically, signs and symptoms of non-selective MAOI overdose may not appear 
immediately. Delays of up to 12 hours between ingestion of drug and the appearance of signs 
may occur. Importantly, the peak intensity of the syndrome may not be reached for upwards of 
a day following the overdose. Death has been reported following overdosage. Therefore, im- 
mediate hospitalization, with continuous patient observation and monitoring for a period of at 








loss, anorexia, poor appetite, dysphagia, diarrhea, 


least two days following the ingestion of such drugs in overdose is strongly recommended. we 
i! 8 


The clinical picture of MAO! overdose varies considerably; its severity may be a function 
of the amount of drug consumed, The central nervous and cardiovascular systems are promi- 
Fenty involved 

igns and symptoms of overdosage may include, alone or in combination, any of the 
following: drowsiness, dizziness, faintness, irritability, hyperactivity, agitation, severe headache, 
hallucinations, trismus, opisthotonus, convulsions, and coma; rapid and irregular pulse, hyper- 
tension, hypotension and vascular collapse; precordial pain, respiratory depression and failure, 
hyperpyrexia, diaphoresis, and cool, clammy skin 


Treatment Suggestions for Overdose 
NOTE: Because there is no recorded experience with selegiline overdose, the-following sugges- 
tions are offered based upon the assumption that selegiline overdose may be modeled by 
non-selective MAOI poisoning. In any case, up-to-date in! formation about the treatment of over- 
dose can often be obtained from a certified Regional Poison Control Center. Telephone numbers 
of certified Poison Control Centers are listed in the Physician's Desk Reference (PDR). 
Treatment of overdose with non-selective MAOIs is symptomatic and supportive. Induction 
of emesis or gastric lavage with instillation of charcoal slurry may be helpful in early poisoning, 
provided the airway has been protected against aspiration. Signs and symptoms of central 
nervous system stimulation, including convulsions, should be treated with diazepam, given 
slowly intravenously. Phenothiazine derivatives and central nervous system stimulants should 
be avoided. Hypotension and vascular collapse should be treated with intravenous fluids and, 
if necessary, blood pressure titration with an intravenous infusion of a dilute pressor agent. It 
should be noted that adrenergic agents may produce a markedly increased pressor response. 
Respiration should be supported by appropriate measures, including management of the 
airway, use of supplemental oxygen, and mechanical ventilatory assistance, as required. 
Body temperature should be monitored closely. Intensive management of hyperpyrexia 
may be required. Maintenance of fluid and electrolyte balance is essential 


DOSAGE AND ADMINISTRATION: 


ELDEPRYL is intended for administration to Parkinsonian patients receiving levodopa/carbidopa a 


therapy who demonstrate a deteriorating response to this treatment. The recommended regimen 
for the administration of ELDEPRYL is 10 mg per day administered as divided doses of 5 mg 
each taken at breakfast and lunch. There is no evidence that additional benefit will be obtained 
from the administration of higher doses. Moreover, higher doses should ordinarily be avoided 
because of the increased risk of side effects 

After two to three days of selegiline treatment, an attempt may be made to reduce the 
dose of levodopa/carbidopa. A reduction of 10 to 30% was achieved with the typical participant 
in the domestic placebo controlled trials who was assigned to selegiline treatment. Further 
reductions of levodopa/carbidopa may be possible during continued selegiline therapy. 


The Search for Causes of 
Idiopathic Intracranial Hypertension 


A Preliminary Case-Control Study 


Belinda Ireland, MD; James J. Corbett, MD; Robert B. Wallace, MD 


* Idiopathic intracranial hypertension 
(pseudotumor cerebri) is a condition that 
occurs predominantly in obese women. It 
consists of elevated spinal fluid pressure, 
normal spinal fluid contents, papilledema, 
and headaches with normal imaging 
studies. Long lists of putative causes and 
associations have arisen, many consisting 
of individual case reports. We did a retro- 
spective case-control study on 40 patients 
and 39 age- and sex-matched control sub- 
jects to examine the incidence of these 
associated conditions. Our results are 
only suggestive due to the small sample 
size; however, obesity and recent weight 
gain occurred more commonly in patients 
with idiopathic intracranial hypertension 
than in control subjects. All forms of men- 
strual abnormalities, incidence of preg- 
nancy, antibiotic use, and oral contracep- 
tive use were equal in both groups. A 
larger multicenter study will be needed to 
more completely characterize the risk fac- 
tors for this condition. 

(Arch Neurol. 1990;47:3 15-320) 


[diopathic intracranial hypertension 

(IIH) is a well-defined disorder 
characterized by increased intracra- 
nial pressure with papilledema, nor- 
mal or small ventricles, and normal 
cerebrospinal fluid (CSF) composition. 
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Symptoms of IIH are due to the in- 
creased intracranial pressure; head- 
ache and visual disturbances are most 
often reported.'* The average annual 
incidence of IIH is 1 per 100000 in the 
general population.’ It occurs more 
often in women than in men, particu- 
larly in obese women of childbearing 
age,^" and the incidence is 19 per 
100000 in this group of obese women of 
childbearing age.’ Idiopathic intracra- 
nial hypertension continues to be re- 
ferred to as “benign intracranial hy- 
pertension” because of its generally 
self-limiting course; however, studies 
have shown it to be both a chronic*'?" 
and a recurring condition'^* in many 
patients. Additionally, the prefix “be- 
nign" belies the potential seriousness 
of the disorder, since it can cause per- 
manent serious visual loss. 25551114 

Several diseases, conditions, and pu- 
tative causes have been anecdotally 
reported in association with IIH, but 
its cause and pathogenesis remain ob- 
scure. Of the published accounts of 
IIH, many are reports of only a single 
case. Since there have been no system- 
atic studies that examine potential 
risk factors for the development of 
IIH, we conducted a preliminary case- 
control study. 


SUBJECTS AND METHODS 
Criteria 


Cases were identified from clinical 
records in the neuro-ophthalmology unit. 
Criteria for inclusion as a case subject 
included the following: (1) women, (2) age 16 
years or older at the time of diagnosis, (3) 
presence of papilledema, (4) increased CSF 
pressure (2250 mm H,0), (5) absence of in- 
tracranial mass or hydrocephalus by com- 


puted tomographic scan, and (6) normal 
CSF content, except for low protein levels. 
Because only two of the potential case 
subjects were black, we limited case selec- 
tion to white women. While there were pa- 
tients whose IIH began as early as 1939, we 
elected to study those whose diagnosis was 
made 10 years or less before the study date. 
Since JH is not generally a fatal illness, we 
used “prevalent” as well as “incident” cases 
in this study. We identified 63 patients who 
met our criteria; 7 patients had become un- 
available for follow-up, and 5 patients re- 
fused to participate. Of 51 questionnaires 
that were returned, 40 were complete and 
clear enough to use. It was these patients 
who formed the case group in this study. We 
telephoned patients to clarify or complete 
all inconsistent responses. If that failed, 
letters were sent to patients asking them to 
clarify or complete their responses. 


Control Subject Selection 


Control subjects were selected by asking 
each responding patient to provide the 
names and addresses of three friends 
within 3 years of their age who might be 
willing to participate in the study. This 
method was chosen since friends of subjects 
would be more willing to participate than 
other control groups, and “friend-controls” 
would provide approximate matching for 
education and socioeconomic status. Thir- 
ty-four of 40 patients with IIH to whom 
questionnaires were sent initially had 
friends who were willing to be control sub- 
jects. Of the 6 potential control subjects 
who did not respond, 5 were successfully 
replaced using other names provided by the 
subjects, for a total of 39 respondents. 


Questionnaire Design 


The questionnaire was designed to be 
self-administered for both cases and con- 
trol subjects, and was pretested for length 
and clarity on patients at a prenatal clinic. 
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Items included occupational histories, ex- 
posure to insecticides and/or herbicides, 
detailed questions on symptoms surround- 
ing the onset of IIH in patients, detailed 
menstrual history, reproductive history in- 
cluding contraceptive use, a general medi- 
cal history, long-term medication use, fam- 
ily history, smoking and drinking habits, 
and a brief dietary history with particular 
emphasis on consumption of foods with 
high vitamin A content prior to develop- 
ment of IIH. The date that IIH was diag- 
nosed was the temporal reference point 
time x for the control group in answering 
certain items covering historical exposures. 


Analysis 


Analysis was conducted on 40 cases and 
39 control subjects. To measure the 
strength of association, the odds ratio (OR) 
was used. The 95% confidence interval (CI) 
of the relative risk was computed by the 
test-based interval estimation procedure 
proposed by Miettinen.'*'* Trends were an- 
alyzed using the test of trend in proportions 
described by Cochran and Snedecor." 


RESULTS 


When case and control subjects were 
compared for marital status, educa- 
tional level, and occupational category, 
no significant differences were found. 
A history of insecticide exposure in the 
workplace also did not differ for the 
two groups. Though control subjects 
more often than patients reported liv- 
ing on a farm where herbicide and in- 
secticide spraying occurred, the differ- 
ence was not significant (3175 vs 20%). 

Items concerning menstrual and re- 
productive events and symptoms were 
obtained (Table 1). Age of onset of 
menses at or before age 13 years was 
more often reported among case sub- 
jects than control subjects (OR = 5.54; 
CI = 1.34, 22.97). Case subjects more 
frequently reported that they had ex- 
perienced a change in menstrual pat- 
tern just before the diagnosis of ITH as 
compared with the reference time in 
control subjects (OR = 11.04; CI = 
1.37, 89.06). There was no difference in 
case and control subjects reporting 
menstrual patterns by days between 
cycles, heaviness of and duration of 
flow, premenstrual symptoms, men- 
strual cramps, and menstrual irregu- 
larity. Information about use of med- 
ication for cramps (including specific 
medication used) was obtained for 
each respondent with no statistically 
significant difference noted between 
the two groups in any category. When 
menopausal histories were examined, 
only four case subjects and two control 
subjects had menopause before the di- 
agnosis of IIH was made. Menopausal 
characteristics, gynecologic proce- 
dures, and infertility histories were all 
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Table 1.—Menstrual History of IIH Case Subjects vs Control Subjects * 





























No. of No. of 
Case Subjects Control Subjects Odds Ratio 
With Positive With Positive (95% Confidence 
Characteristic Response Response Interval) 
Start of menses at age <13 y 36 26 5.54 (1.34, 22.97) 
Change in menstrual pattern 12 13 
Use medication for cramps 15 12 
Menopause before reference time 4 2 
Gynecological surgery before 
reference time 5 4 
Change in menstrual pattern in 
year prior to reference time 9 1 11.04 (1.37, 89.06) 





Infertility workup prior to 
reference time 






No. of 


Case Subjects 
With Positive 
Response 


Characteristic 





4.22 (0.18, 98.80) 


No. of 
Control Subjects 
With Positive (9596 Confidence 

Response Interval) 


Odds Ratio 





Ever pregnant 


26 1.75 (0.37, 8.29) 





Age at first pregnancy <20 y 





Three or more pregnancies prior 
to reference time 





Miscarried first pregnancy 





Age at second pregnancy <20 y 
* IIH indicates idiopathic intracranial hypertension. 


examined and no differences were 
found. 

Comparison of pregnancy histories 
was unremarkable (Table 2). The re- 
sults are comparable with another, 
more complete study of pregnancy and 
IIH from this institution.’* Respon- 
dents were asked to provide the fol- 
lowing information for each preg- 
nancy: age at end of each pregnancy, 
outcome of pregnancy, medication use 
to prevent miscarriage or to stop milk 
production, and whether or not the 
baby was breast-fed. No significant 
differences in any of these categories 
or in total numbers of pregnancies 
were found. 

Query of characteristics of prior oral 
contraceptive use revealed no signifi- 
cant differences in the following cate- 
gories: ever using oral contraceptives, 
age when use began, type of oral con- 
traceptives used, length of time used, 
and usage immediately prior to IIH 
diagnosis or the corresponding refer- 
ence time (Table 3). We could not con- 
trast the oral contraceptive dosage or 
components, since half of both case 
and control subjects using oral contra- 
ceptives did not remember the brand 
used. In almost all instances, these 
agents were used for contraception; 
three cases of ITH and no control sub- 
jects used oral contraceptives for ir- 
regular menses. Weight gain was the 
oral contraceptive side effect most 





commonly reported by both subject 
groups. There were insufficient posi- 
tive responses in other categories to 
permit analysis. While reasons for dis- 
continuing oral contraceptive use 
varied (and again consisted of num- 
bers too small for analysis), the largest 
single response was for medical and/or 
surgical contraindication; eight pa- 
tients with IIH and no control subjects 
responded this way. 

Patients with IIH reported systemic 
hypertension significantly more often 
than did control subjects (OR = 8.91; 
CI = 1.94, 40.84) (Table 4). This was the 
only medical condition queried that 
was seen significantly more often in 
case subjects than in control subjects. 
Ten of 11 hypertensive case subjects 
reported onset of high blood pressure 
before 25 years of age, while hyperten- 
sion began later in both control sub- 
jects (ages 37 and 38 years). A history 
of conditions such as Cushing’s dis- 
ease, Addison’s disease, systemic lupus 
erythematosus, hyperthyroidism, hy- 
poparathyroidism, neuromuscular 
diseases, thrombophlebitis, and 
chronic skin ailments were rare. A 
history of other diseases or conditions 
(drug allergies, allergy history, ane- 
mia, diabetes, hypothyroidism, and 
kidney disease) did not differ signifi- 
cantly between case subjects with ITH 
and control subjects. When these dis- 
eases were characterized by age of on- 
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Table 3.— Oral Contraceptive Use of IIH Case Subjects vs Control Subjects * 










































No. of No. of 
Case Subjects — Control Subjects Odds Ratio 
With Positive With Positive (95% Confidence 
Characteristic Response Response Interval) 
Ever used oral contraceptives 29 26 
Began using oral contraceptives 
at age <20 y 20 12 2.54 (0.71, 9.72) 
Taking oral contraceptives just 
prior to reference time 13 8 1.80 (0.42, 7.64) 
Taking oral contraceptives for 
z-12 mo prior to reference 
time 6 0 2.50 (0.95, 6.54) 





"IIH indicates idiopathic intracranial hypertension. 
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set and type of treatment, the result- 
ing numbers were again too small for 
meaningful analysis and no trends 
were apparent. 

Histories of medication usage were 
comparable, except for the difference 
in use of pain relievers (Table 5). Case 
subjects used more pain medications 
than did control subjects (OR = 3.1; 
* CI = 1.08, 8.87) before ITH began or the 
reference time. Aspirin and aspirin- 
containing preparations were the pain 
relievers most often used by both case 
and control subjects. In examining 
other drug use, no differences were 
found. Drug usage was defined by age 
first taken, brand of drug used, the 
reason for its use, and the reason for 
discontinuing its use. Responses in 
these categories, however, were too 
small to be meaningful. The only ob- 
servable difference worth reporting 
was the age at which tetracycline ther- 
apy was begun; case subjects more of- 
ten reported a later date (80% of case 
subjects reporting tetracycline use 
were 21 years of age or older, while 
75% of control subjects reported age at 
usage to be younger than 21 years). 
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Case Subjects Control Subjects Odds Ratio 
With Positive With Positive (95% Confidence 
Characteristic Response Response Interval) 
Weight increase in the 6 mo 
before reference time 15 6 3.30 (1.01, 10.76) 
Drug allergies 9 7 TT 
Hypertension 13 2 8.91 (1.94, 40.84) 
Hypertension detected 
< age 25 y 10 0 3.00 (0.97, 9.30) 
Allergies 11 7 1.73 (0.41, 7.35) 
Chronic skin conditions 2 3 
Anemia 5 8 s 
Diabetes 2 0 2.02 (0.28, 14.46) 
Kidney disease 3 1 3.08 (0.03, 238.48) 
Other chronic disease 5 3 1.71 (0.07, 40.73) 
Under treatment for chronic 
disease E 2 3.92 (0.56, 27.27) 
Infectious disease 17 14 


“IIH indicates idiopathic intracranial hypertension. 








Reasons for tetracycline use were in- 
frequently given; however, more con- 
trol subjects reported use for simple 
colds, while case subjects more often 
reported use for respiratory infection 
(not otherwise specified). 

While disease histories were ob- 
tained separately for both mother and 
father of each subject and included the 
same conditions covered in personal 
disease histories, there were no signif- 
icant differences between case re- 
sponses and control responses (Table 
6). Only when disease history was ex- 
amined in terms of any other first- 
degree relatives combined did any dif- 
ferences emerge. For hypertension 
(OR = 3.20; CI = 1.11, 9.24), diabetes 
(OR = 6.6; CI = 1.89, 23.04), and obe- 
sity (OR = 5.29; CI = 1.89, 14.83), case 
subjects more often reported the con- 
dition in first-degree relatives other 
than parents (siblings, aunt and/or 
uncle, or grandparent) than did con- 
trol subjects. The presence of eye dis- 
ease in first-degree relatives was re- 
ported more often by case subjects 
than control subjects, but this was of 
marginal statistical significance. It 


was noted most often in grandparents 
of either sex by both groups, with spe- 
cific diagnoses consisting of cataracts, 
glaucoma, and retinitis. 

Case subjects were more likely to 
have considered themselves cigarette 
smokers than did control subjects, but 
this was not significant (Table 7). How- 
ever, when smoking habits were cate- 
gorized as continuous vs intermittent, 
the following significant difference 
emerged: patients with ITH were more 
likely to label themselves continuous 
smokers (OR = 4.65; CI = 1.13, 19.21). 
Other smoking factors (age began 
smoking, years smoked, number of 
cigarettes smoked per day, and smok- 
ing history prior to IIH diagnosis) did 
not differ in case and control subjects. 
Alcohol use (including comparisons of 
usual quantity and type of alcohol 
consumed) did not differ between case 
and control subjects nor did the use of 
coffee and/or tea. 

Vitamin A intake was poorly char- 
acterized by all subjects, with only a 
few who were able to report the 
amount of vitamin A present in their 
multivitamin preparation. Only eight 
case subjects and five control subjects 
reported taking any vitamins regu- 
larly, and only one member of each 
group reported using a separate vita- 
min A preparation. No significant dif- 
ference in reported consumption of vi- 
tamin A-rich food, especially liver, 
was found. Neither case nor control 
subjects consumed such foods fre- 
quently. While a few more control 
subjects than case subjects called 
themselves vegetarian or semivegetar- 
ian, the difference did not reach sta- 
tistical significance. Data regarding 
smoking habits, alcohol use, and di- 
etary habits are presented in Table 7. 

Case subjects were asked additional 
questions about IIH development. Of 
all patients with IIH, 87.5% reported 
definite symptoms before the diagno- 
sis was established. Of those who had 
any symptoms attributed to IIH, 
64.7% (22/34) listed headache as the 
first symptom, while 32.35% listed vi- 
sual change or visual loss. Thirty per- 
cent of subjects with IIH attributed 
their initial symptoms to tension or 
stress, and most subjects (27/36) did 
not think that the symptoms indicated 
a serious condition. Sixty percent of 
subjects were diagnosed within 6 
months of onset of symptoms, and 
72.5% of subjects had the diagnosis 
made within 1 year. Subjects were 
asked when in the menstrual cycle did 
the symptoms of IIH develop. Their 
responses indicated that symptoms oc- 
curred throughout the cycle, but many 
respondents (40% ) were unable to re- 
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member. Only 3 respondents reported 
symptoms worsening during their pe- 
riods. 


COMMENT 


Idiopathic intracranial hyperten- 
sion has not, to our knowledge, been 
submitted previously to formal epide- 
miologic evaluation. Our study was an 
exploratory probe; we collected data on 
a substantial number of factors pro- 
posed by numerous case reports. The 
resulting questionnaire may have been 
ambitious for our small sample size 
but has provided some important first 
looks at risk factors and IIH develop- 
ment. (Except for limited case control 
data on men and pregnant women 
available from studies also done at the 
University of Iowa, Iowa City,'*? no 
similar data are available.) 

Early reports of ITH described the 
syndrome following middle ear or 
mastoid infections. Although more re- 
cent IIH patient series have also in- 
cluded some “otitic cases,” their num- 
bers have decreased, probably due to 
antibiotic treatment of otitis media.’ 
In a classification by Johnston and 
Paterson, most factors associated 
with the development of IIH were 
“miscellaneous.” It was these factors 
that we wished to examine. 

Because ITH is most frequently di- 
agnosed in young, obese women, endo- 
crinologic associations have been 
postulated.*”*! Reports of IIH in 
women with menstrual irregular- 
ities,^*"? at menarche,” during preg- 
nancy,'*?!46 and with oral contracep- 
tive use???*?* have led some authors, 
such as Greer,” to suggest that 
changes in hormonal levels are a pre- 
cipitating factor. More specifically, he 
cites falling levels of circulating corti- 
costeroid and rising levels of estrogen. 
Idiopathic intracranial hypertension 
has developed following withdrawal of 
corticosteroid therapy, most often re- 
ported in children.??' Idiopathic in- 
tracranial hypertension has also been 
reported in patients with chronic ad- 
renal insufficiency.**’ Additionally, 
but less commonly, ITH has been ob- 
served in patients being treated with a 
corticosteroid (triamcinolone) without 
tapering or withdrawal.^* Other en- 
docrine disorders have occurred con- 
currently with IIH, including hypothy- 
roidism,*™® hyperthyroidism,” and 
hypoparathyroidism.^? 

Idiopathic intracranial hyperten- 
sion has been reported in patients with 
a multitude of preexisting or concur- 
rent disease states. Iron deficiency 
anemia,?^ blood loss anemia,” perni- 
cious anemia,” and aplastic anemia“ 
have all been reported in persons with 
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Table 5.—Medication Use History of IIH Case Subjects vs Control Subjects * 


Medication 





Steroids 





Estrogens 





Tetracyclines 
Pain relievers 
Antidepressants 











No. of No. of 
Case Subjects Control Subjects 
With Positive With Positive Odds Ratio 
Response Response (95% Confidence Interval) 
2.12 (0.23, 19.16) T 
No. of No. of 
x 


Case Subjects 
Characteristics of With Positive 
Family History Response 
Hypertension 22 
Diabetes 16 











Control Subjects 
With Positive 
Response 
Td 3.20 (1.11, 9.24) 

6.60 (1.89, 23.04) 


Odds Ratio 
(95% Confidence Interval) 








Obesity 23 





5.29 (1.89, 14.83) 








Eye disease T 


8.69 (0.95, 79.48) 


* IIH indicates idiopathic intracranial hypertension. 


IIH. In the case report of aplastic ane- 
mia, heavy exposures to insecticides 
and herbicides preceded the bone mar- 
row damage, and that exposure may 
also be associated with the develop- 
ment of IIH. Other reported concur- 
rent disease states include Wiskott- 
Aldrieh syndrome," systemic lupus 
erythematosus,*^^* Guillain-Barré 
syndrome," and histiocytosis X with 
hypocomplementemic allergic vascu- 
litis. Allergy has been suggested as a 
common causative factor, specifically 
cerebral allergy or hypersensitivity. 
Lecks and Baker? reviewed that topic 
and did not find convincing evidence to 
support the concept of allergic phe- 
nomenon, even though 5046 of the sub- 
jects reviewed were atopic. 

A hereditary basis for IIH has been 
suggested by reports of familial occur- 
rence. In these accounts of four groups 
of sisters, five of nine females were re- 
ported as obese.975» Two reports 
concerned successive generations; in 
one a mother and son developed IIH 
and in the other a mother and daugh- 
ter. All four patients were markedly 
obese. 

In some cases of IIH, drugs taken 
prior to the development of symptoms 
were suggested as the causative fac- 
tors. Vitamin A supplements," vita- 
min A in the form of many different 
kinds of liver, and tetracyclines?*!' are 
the most frequently implicated agents. 
Nalidixie acid, especially in chil- 
dren,” nitrofurantoin,** ketoprofen,” 
indomethacin,” sulfamethoxazole,” 
diphenylhydantoin, amiodarone, and 
penicillin® use have also been reported 
in persons in whom IIH developed. In 


addition, the use of psychiatric medi- 
cations prior to the onset of ITH has 
been presented in a case report,” and 
lithium treatment has preceded the 
diagnosis of IIH in at least four 
cases. y 
Exposure to noxious agents has also 
been offered as a causative factor in 
the development of IIH. Sanborn et al” 
described the syndrome following 
acute overexposure to kepone, a halo- 
genated biphenyl insecticide. Addi- 
tionally Jenkyn et al* reported a single 
case of IIH that occurred with aplastic 
anemia following herbicide exposure. 
Our results, not surprisingly, do not 
support many of the causal factors 
presented in the numerous previous 
case reports. This may be so because 
the putative exposures were not 
causal. However, the small sample size 
and rarity of many of these exposures 
precluded rigorous testing for associa- V 
tions. Our results, however, do 
strengthen the most commonly made 
observation in studies of patients with 
IIH, namely, the association with obe- 
sity. Some of our other positive find- 
ings, such as personal history of hy- 
pertension, early onset of menses, and 
family histories of obesity, hyperten- 
sion, and diabetes, are all commonly 
associated with obesity. However, it is 
not entirely clear from this study that 
obesity is always a long-standing pre- 
condition for patients with IIH. Al- 
though the mean body weight reported 
at age 18 years was higher for case 
subjects than for control subjects, the 
difference in means for the two groups 
just prior to the time of onset of IIH or 
the reference time was double that re- 
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Table 7.—Habits of IIH Case Subjects vs Control Subjects * 































































time 


No. of No. of 
Case Subjects Control Subjects Odds Ratio 
With Positive With Positive (95% Confidence 
Habit Response Response Interval) 
Ever smoke 25 19 1.75 (0.59, 5.20) 
Began smoking at age <18 y 18 13 
Continuous smoking vs 
intermittent smoking 19 7 4.65 (1.13, 19.21) 

Smoking history = 10 y 10 5 2.00 (0.31, 12.93) 
Smoke —20 cigarettes daily 8 3 2.51 (0.32, 19.55) 
Smoked just prior to reference 











Use alcohol 








Use coffee and/or tea 














Vegetarian 2 


“IIH indicates idiopathic intracranial hypertension. 





Characteristic 





Table 8.—Mean Weights of Case and Control Subjects at Age 18 Years and 
at Reference Time 













Case Subject Control Subject 








Mean height, cm (in) 





161.3 (64.5) 160.3 (64.1) 











Mean weight at age 18 y, kg (Ib) 





68.4 (152.0) 58.7 (130.4) 














Mean weight at reference time, kg (Ib) 





ported for age 18 years, suggesting 
that weight gain may be the important 
factor. Indeed, significantly more case 
« subjects reported a weight gain in the 
6 months prior to the development of 
IIH (z = —3.32, P = .0009) (Table 8). 
Alternatively, weight gain may repre- 
sent an early sign of IIH. Symptoms of 
IIH are rarely sudden in onset, and 
over 50% of our cases remained undi- 
agnosed 4 months after developing a 
new headache or visual symptoms. Be- 
cause the onset of IIH is commonly in- 
sidious, questions that refer to the 
6-month period before the diagnosis of 
ITH actually may be focused on early 
symptoms in addition to risk factors 
for development of the disease. We 
were surprised that irregular menses 
were not reported more often in our 
case subjects. Irregular menstrual cy- 
cles are commonly reported by obese 
women and have been frequently re- 
ported in women with IIH. Our sub- 
jects frequently reported a change in 
menstrual pattern shortly before the 
diagnosis of IIH was made. Again, it is 
not clear if this change is causal and 
related to development of ITH or is, in 
effect, an early symptom of the disease. 
Increased use of pain relievers by 
case subjects is of little surprise, since 
64.7% of these women reported head- 
ache as the first symptom of IIH. Of 
the 24 case subjects who reported us- 
ing pain-relievers, 18 gave headache as 
1 i the reason for use. Overall, there were 
no differences in infectious disease 
history, but case subjects were more 
likely to report their disease as "lower 
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85.4 (189.8) 63.9 (141.9) 








respiratory," while control subjects 
described theirs as "upper respirato- 
ry." Examination of antibiotic use im- 
mediately before the reference time 
disclosed no differences: the only ob- 
servable difference in drug histories 
was the age at which tetracyclines 
were first used, and this was not sta- 
tistically significant. Further study is 
necessary to determine whether infec- 
tious disease and tetracycline use are 
associated with the development of 
IIH. 

In evaluating the strength of data in 
any study, consideration must be given 
to the design of the study. Inherent in 
case-control studies are difficulties of 
selection bias, response bias, and recall 
bias. While the University of Iowa is 
the only tertiary care center in the 
state of Iowa, not all patients with IIH 
are referred there for evaluation. Our 
sample may be representative of IIH; 
it may also be skewed to more seriously 
affected patients. Our final response 
rate of 64% (40/63) was lower than we 
would have liked, but given the prob- 
lems of tracing younger women who 
became unavailable for follow-up and 
the fact that most patients were feel- 
ing quite well made the low response 
understandable. Some patients who 
initially responded to our question- 
naire refused to cooperate for clarifi- 
cation of incomplete or unclear re- 
sponses on the questionnaire. Recall 
bias is a serious consideration in any 
retrospective study. However, the neg- 
ative findings for factors that the lay 
publie commonly may believe to be 
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harmful to health (insecticide expo- 
sure, use of alcohol, and use of coffee 
and/or tea) suggests that this was not 
a problem in our study. 

Clearly, further research is needed 
to more thoroughly examine some of 
the questions raised by this study. 
Obesity and medical histories includ- 
ing systemic hypertension, infectious 
disease, smoking habits, and various 
treatment modalities must be reexam- 
ined in larger studies. Because IIH is 
an infrequent diagnosis, a multicenter 
collaborative prospective study would 
be most useful in obtaining sufficient 
subjects to completely characterize 
risk factors. 


This investigation has been supported in part 
by grant RR59 from the General Clinical Re- 
search Center Branch of the National Institutes of 
Health, Bethesda, Md, and an unrestricted grant 
to the Department of Ophthalmology, University 
of Iowa, Iowa City, from Research to Prevent 
Blindness Inc, New York, NY. 
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The American Academy of Clinical Neurophysiology's 


5th Annual Meeting 


will be held at The Westin Hotel, Boston, Massachusetts 


June 28 - July 1, 1990 


The program includes Special Lectures, 
Symposia, Breakfast Sessions, Workshops, and a 
Postgraduate EMG Course. 


Featured speakers will be A. Beric, 

I. Bodis- Wollner, J.B. Cracco, R. Q. Cracco, 

J. Desmedt, M. Dimitrijevic, S. Fitts, G. Goldberg, 
M. Hallett, Ernest Johnson, J. Kimura, G. Kraft, 
W. Levy, P. J. Maccabee, S. Sato, B. T. Shahani, 
D. Simpson and A. Sumner. 


The one day Basic Electromyography course will 
be held on July 1. Workshops will be held on two 
separate mornings prior to the scientific sessions. 


For membership information, meeting details or 
abstract forms write: 
Marlene Richard Fairbanks; Massachusetts General Hospital: 
Clinical Neurophysiology Lab; Boston, Massachusetts 02114 

or call 


617-726-8736 








“The technological advantage of the Midas 
Rex instrumentation provided the capability 
to safely perform a complex spinal osteo- 
tomy in a simplistic, gentle manner with a 
tremendous saving of time. The ability to 
remove the entire fused spine in a safe and 
efficient manner with the S-1 dissecting 
tool and S footed attachment, would not 
have been possible with other types of 
instrumentation." — T.B., M.D. 


Midas Rex Pneumatic Tools, Inc. 
3001 Race Street € Fort Worth, Texas 76111 
800-433-7080 * (Texas) 817-831-4181 
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Isopropyl Alcohol Intoxication 


Jaime Rich, MD; Richard T. Scheife, PharmD; 


Nathaniel Katz, MD; Louis R. Caplan, MD 


€ Three patients had neurologic signs 
due to isopropyl alcohol (IPA) intoxication. 
Over a several-week period, a known al- 
coholic developed apathy, confusion, 
ataxia, and hyperreflexia. During this pe- 
riod, there was no ethanol available to him, 
and he denied use of other intoxicants. He 
was found stuporous in the hospital after 
drinking IPA and admitted to IPA abuse 
during the preceding weeks. Two other 
men were admitted in a stupor after large 
ingestions of IPA. Intoxication with IPA has 
two different presentations: stupor in a 
known alcoholic and encephalopathy of 
unknown cause in individuals who hide 
their addiction. Ethanol, methanol, IPA, 
and ethylene glycol intoxications are as- 
sociated with different clinical and labora- 
tory findings. 

(Arch Neurol. 1990;47:322-324) 


F thanol intoxication is an extremely 
common social and medical prob- 
lem whose symptoms are well known 
even to laymen. Some alcoholics also 
abuse cheap substitute intoxicants. 
The toxic effects of methanol (Sterno) 
and ethylene glycol (antifreeze) have 
been well described, but isopropyl al- 
cohol (IPA) (rubbing alcohol, “blue 
heaven”) toxicity is less well known. 
Patients with IPA intoxication 
present in two different situations: 
stupor in a known alcoholic, and as an 
encephalopathy of unknown cause in 
individuals who hide their addiction. 
We describe three patients who pro- 
vide examples of these presentations, 
and review the scant literature on the 
clinical and laboratory features and 
treatment of IPA intoxication. 
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REPORT OF CASES 


Case 1.—A 44-year-old black man came 
to the emergency department because of 
epigastric, joint, and muscle pain that had 
been present for 4 days. He was an alcoholic 
who had been admitted to another hospital 
3 weeks previously after alcohol with- 
drawal seizures. After discharge, he conva- 
lesced at his sister’s house; she, along with 
the patient, insisted that he had had no ac- 
cess to ethanol during the preceding 2 
weeks. The sister reported that for a few 
days he had been uncharacteristically apa- 
thetic, and his speech, walking, and mem- 
ory had deteriorated. The patient also com- 
plained of a constant headache and loss of 
visual clarity. He vigorously denied re- 
cently drinking alcohol, Sterno, rubbing al- 
cohol, or antifreeze. On examination, there 
was no odor of alcohol. The patient was 
alert but slow and abulic. His speech was 
dysarthric and terse, with frequent omis- 
sion of words and perseverations during 
repetition of sentences. His speech compre- 
hension was normal. His short-term mem- 
ory was very poor: he recalled none of three 
objects after 2 minutes. A short attention 
span and distractibility made testing of 
reading, writing, drawing, and copying dif- 
ficult. The patient’s cranial nerves were 
normal, except for sluggish pupils and 
prominent horizontal nystagmus. His 
strength was normal, but he had appendic- 
ular and gait ataxia. Deep tendon reflexes 
were exaggerated and plantar responses 
were extensor. Pin and touch perception 
were decreased in a stocking distribution. 

Computed tomographic findings were 
normal. A sample of cerebrospinal fluid was 
normal except for a protein content of 0.61 
g/L. Serum amylase and creatine kinase 
levels were elevated. After admission, the 
patient had a grand mal seizure. His think- 
ing, memory, and gait gradually improved, 
and by day 4, his examination results were 
nearly normal. The next day, however, he 
was found wandering around the hospital, 
confused, with recurrence of dysarthria and 
ataxia. A nurse alertly noticed that his 
bedside rubbing alcohol bottle was missing. 
At that time, admission studies were re- 
ported and showed an acetone level of 41 710 
umol/L and an IPA level of 3 mmol/L. Uri- 


nary acetone was absent. Serum electro- 
lyte levels, carbon dioxide content, and 
anion gap were normal. The patient then 
admitted to long-term IPA abuse and said 
that he had drunk rubbing alcohol in his 
sister's house, as well as in the hospital. 
Cask 2.—A 38-year-old white man was 
admitted for sudden stupor after a head in- 
jury. He had a long history of alcoholism 
complieated by seizures and delirium tre- 
mens and took phenytoin sodium and phe- 
nobarbital sodium for seizures. He had been 
on a “binge” for 2 weeks. A day before ad- 
mission, he was hit on the forehead, sus- 
taining a laceration that required sutures. 
On the day of admission, he came to the 
emergency department because of a nose- 
bleed and frontal headache. On arrival he 
was alert and walking, but smelled of eth- 
anol. He was dishevelled, unshaven, and 
unkempt. Findings of the medical resi- 
dent's examination were “nonfocal.” Fif- 
teen minutes after the patient was seen us- 
ing the urinal, he was found unresponsive. 
His temperature was 37.8°C, his pulse rate 
was 100 beats per minute, and his blood 
pressure was 120/70 mm Hg. He was unre- 
sponsive to deep pain and did not move his 
limbs except for two brief witnessed epi- 
sodes of stiffening and trembling of the 
arms, lasting a few seconds. Pupils, fundi, 


and oculocephalic responses were normal. ,« 


Tendon reflexes were normal and plantar 
responses were flexor. 

Arterial blood gas analysis showed a pH 
of 7.25, a Pco, of 55 mm Hg, and a Po, of 51 
mm Hg. The patient was intubated and 
mechanically ventilated. A catheterized 
urine specimen showed blood and 1+ ke- 
tones and bilirubin. Serum urea nitrogen 
and electrolyte levels were normal. The se- 
rum acetone level was 1650 „mol/L; etha- 
nol, 74 mmol/L; and IPA, 38 mmol/L. The 
serum phenytoin level was 15 mol/L and 
phenobarbital was not detectable. A few 
hours after vigorous hydration and naso- 
gastric lavage, the patient awakened and 
moved his limbs. On hospital day 2, he was 
restless and agitated and later reported vi- 
sual hallucinations. After treatment with 
lorazepam and chlordiazepoxide hydrochlo- 
ride for his delirium tremens, he signed out 
against medical advice. 

Case 3.—A 44-year-old man was brought 
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to the hospital in coma. He was a street 
person who had had previous admissions 
for head injury and other complications of 
alcoholism. At 9 AM that morning he had 
visited the emergency department because 
of a large purulent hand wound, but left, 
refusing treatment. At 2 PM he was found 
unconscious in a nearby park amid empty 
bottles of IPA and mouthwash. He was un- 
responsive. His temperature was 36?C, his 
blood pressure was 88/62 mm Hg, his pulse 
rate was 80 beats per minute, and his res- 
piratory rate was 24 breaths per minute. In 
the emergency department he became more 
hypotensive; his pulse rate slowed and he 
had a sinus arrest. Sinus rhythm returned 
after chest compression and bag ventila- 
tion. After the patient underwent intuba- 
tion and intravenous treatment with saline, 
thiamine hydrochloride, dextrose, and 
naloxone hydrochloride, his pulse rate and 
blood pressure improved and he was admit- 
ted to an intensive care unit. 

He did not react to painful stimuli. His 
pupils were initially unreactive but later 
were 4 mm in diameter and reacted slowly 
and partially. There was no response to oc- 
ulocephalic or corneal stimulation. Tone 
was symmetrically decreased, and the deep 
tendon reflexes were symmetrically brisk. 
Plantar responses were extensor. Initial 
laboratory test results were as follows: se- 
rum sodium, 140 mmol/L; potassium, 3.4 
mmol/L; chloride, 105 mmol/L; bicarbon- 
ate, 21 mmol/L; serum urea nitrogen, 3.0 
mmol/L; IPA, 89 mmol/L; acetone, 7030 
umol/L; and ethanol, 16 mmol/L. Hemodi- 
alysis was begun at 10 PM. Serum, urinary, 
and dialysate levels of IPA and acetone are 
noted in Table 1. At 1:30 AM, the patient be- 
gan to awaken and moved all extremities. 
By 11:30 AM hesat up and tried to remove his 
endotracheal tube. He was extubated the 
following day and left the hospital against 
advice early on the fourth hospital day. 


COMMENT 


Alcoholics, like other substance 
abusers, often have a repertoire of 
agents they use. Most prefer ethanol, 
but abuse IPA, methanol, or ethylene 
glycol when access to ethanol is frus- 
trated or when funds run out. A few 
individuals seem to prefer IPA. The 
most common source of IPA is rubbing 
alcohol, which contains a 70% solution 
of IPA. Rubbing alcohol is used widely 
in hospitals and medical facilities and 
is readily available in many stores. In 
hospitals, IPA is often colored with 
blue dye to distinguish it visually from 
many other clear and colorless liquids; 
this practice has led to the designation 
blue heaven by abusers. Two of our pa- 
tients ingested IPA in hospital facili- 
ties, one in the emergency department, 
and the other in his room, from his 
bedside rubbing alcohol bottle. The 
other patient drank IPA in a nearby 
park. One of us (L.R.C.), during an in- 
ternship at the Boston (Mass) City 
Hospital, observed many alcoholics 


Arch Neurol— Vol 47, March 1990 





IPA, mmol/L 


eRe 





Table 1.—Levels of Isopropyl Alcohol (IPA) and Acetone (Patient 3) 


Acetone, umol/L 
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Serum Urine Dialysate Serum Urine Dialysate 

Day 1, before dialysis 89 7030 
Day 2, after dialysis 

1 AM 28 or 17 460 VT 

4:30 AM 15 18 TE 28 100 30 170 i 

7 AM Ses 15 T 5800 

2 PM 6 31980 ee 

22610 24880 
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Table 2.— Differential Characteristics of Alcohol Intoxications * 


Isopropyl 
Alcohol 
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Ethylene 
Glycol 











Characteristic 
odor 





Yes 


Yes 


Yes 





No 











Onset 





Rapid (30-60 min) 


Rapid (30-60 min) 


Rapid (30-60 min) 





Rapid (30-60 min) 





















































Late effects Severe (24 h) VN foy Severe (48 h) 
Metabolic Severe (lactate Mild to moderate Absent or slight Severe (lactate, 
acidosis formate) (lactic) (lactic) oxalate, 
glycolate) 
Ketones Ketobutyric Acetoacetic Acetone 
hydroxybutyrate 
Anion gap Large Moderate Slight Large 
212 mmol/L 
Serum Each 80 mg/dL Each 350 mg/dL Each 340 mg/dL Each 21 mg/dL 
osmolarity adds 27 mOsm adds 80 mOsm adds 60 mOsm, adds 3.5 mOsm 









and each 55 
mg/dL of 
acetone adds 10 
mOsm 
















Amylase increased Hypoglycemia 





Hypoglycemia Hypocalcemia 











Other 
findings 


Dilated nonreactive 
pupils, retinal 
edema, blindness 






* Modified from chart in LaCoutre et al. 


drinking blue thermometer fluid (IPA) 
in the emergency department when 
they believed themselves to be unob- 
served. 

Since the first case of IPA intoxica- 
tion was reported in 1948 by McCord et 
al, much has been learned about the 
pharmacologic effects of this agent. 
The acute potency of IPA as a central 
nervous system depressant is about 
twice that of ethanol. The fatal inges- 
tion dose is about 250 mL in a nonalco- 
holie patient, but alcoholies clearly 
have a higher tolerance to its toxic 
effects.” Essentially, all of an ingested 
dose is absorbed within 30 minutes, but 
massive doses may take somewhat 
longer to absorb. Isopropyl alcohol is 
eliminated from the body by first- 
order kinetics; ie, its half-life is not 
dependent on the size of the dose.*? It 
has a volume of distribution of 0.6 to 
0.7 L/kg.’ The primary metabolite of 
IPA is acetone. In one study that ex- 
amined the kinetics of IPA and acetone 
in a nonalcoholic patient, the serum 





Oxalic acid 
crystalluria 


Gastritis, 
hematemesis 








half-lives of IPA and acetone in the 
cerebrospinal fluid were similar to 
those in the serum.* Alcoholics metab- 
olize IPA more quickly than do nonal- 
coholics, showing a half-life of 3 to 4 
hours*5 this rapid clearance probably 
at least partially accounts for toler- 
ance. 

Ingestion of IPA can cause severe 
abdominal pain, with gastritis and 
frequent nausea and vomiting, occa- 
sionally with hematemesis.**" Our pa- 
tient 1 had prominent intestinal symp- 
toms mimicking or associated with 
pancreatitis. Early nervous system 
symptoms of IPA intoxication are 
qualitatively similar to those of etha- 
nol intoxication, but the initial phase 
of exhilaration often described after 
ethanol use is conspicuously absent 
after IPA use. Dizziness, ataxia, head- 
ache, and confusion are reported. Iso- 
propyl alcohol can rapidly produce 
coma (as in patients 2 and 3). Coma 
rarely persists for more than 12 hours 
in nonfatal cases." Death after a 
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large ingestion of IPA is usually pre- 
ceded by respiratory arrest and deep 
coma, usually within a few hours. Even 
when patients are adequately venti- 
lated, serious cardiac toxicity is often 
caused by IPA and other aliphatic al- 
cohols. Arrhythmias, arterial hy- 
potension, and frank cardiac muscle 
necrosis have been described.*'? 
Ingestion of IPA usually causes 
coma with variable-sized but usually 
miotic pupils.’ Neurologic signs of sub- 
acute intoxication have not been de- 
scribed. The findings of neurologic ex- 
amination in our patient 1 were very 
unusual: the examination showed dys- 
arthria, nystagmus, and ataxia (find- 
ings common in ethanol intoxication) 
and prominent corticospinal tract dys- 
function. Although the patient was 
awake and quite alert, there were se- 
vere cognitive and behavioral abnor- 
malities, with abulia and a very short 
attention span. The findings mimicked 
a “subcortical dementia” as has been 
described in patients with frontal lobe 
disease, multi-infarct dementia, tha- 
lamic lesions, and various system de- 
generations involving deep gray cere- 
bral nuclei. Cerebral, cerebellar, and 
pyramidal abnormalities improved 
gradually during 4 days of abstinence. 
Laboratory findings can separate se- 
rious poisoning with methanol and 
ethylene glycol from intoxication with 
ethanol and IPA (Table 2). Patients 
with methanol and ethylene glycol in- 
toxication present with a severe meta- 
bolic acidosis and a large anion gap. 
Ethanol and IPA intoxication can 
cause ketonemia and ketonuria, due to 
acetoacetic and 6-hydroxybutyric ke- 
tone bodies in ethanol overdose and to 
acetone in IPA toxicity.’ Acetonemia 
can yield a falsely elevated serum cre- 
atinine level when colorimetric meth- 
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ods of analysis are used, as in most au- 
toanalyzers. Hypoglycemia is also 
sometimes present. Elevated cere- 
brospinal fluid protein levels have been 
reported. Assuming that the patient 
is not starved, the presence of aceto- 
nuria varies, and acetonemia with no 
glycosuria or metabolic acidosis, ie, 
normal pH, anion gap, and serum bi- 
carbonate levels, strongly suggests 
IPA intoxication. 

Gas chromatography accurately 
separates levels of the various alcohol 
intoxicants. Previously, many widely 
available methods for measuring se- 
rum alcohol levels used an enzymatic 
oxidation process employing alcohol 
dehydrogenase. This method was un- 
able to differentiate among the various 
alcohols? Various breath analyzers 
used by police and emergency depart- 
ment personnel to determine ethanol 
concentrations will yield false ethanol 
readings if the patient has consumed 
methanol, IPA, n-propyl alcohol, eth- 
ylene glycol, or even acetaldehyde.” 
Some breath analyzer units will read 
no vapor except ethanol, while others 
read methanol and IPA, but more 
slowly than ethanol. Because of the 
wide range of techniques used, clini- 
cians should become aware of the 
methods used at their facility and of 
their accuracy and limitations. Gas 
chromatography is clearly the method 
of choice for detecting and quantitat- 
ing the levels of various alcohol intox- 
icants and their derivatives.^*? 

While the management of ethanol 
intoxication is often routine, the rec- 
ognition and treatment of other alco- 
hol intoxications is more problematic, 
since, if left unrecognized, methanol, 
IPA, n-propyl alcohol, and ethylene 
glycol intoxicants have very high rates 
of morbidity and mortality.’ Since 
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methanol and ethylene glycol often pro- 
duce very serious delayed toxicity, he- 
modialysis is probably imperative. 
Most patients with IPA toxicity can 
probably be treated with supportive 
care. Patients who report with light 
coma who are not hypotensive usually 
do well with supportive care only. If 
the patient is in deep coma, is hypoten- 
sive (the single finding most associated 
with poor outcome), or has a serum 
IPA concentration above 67 to 83 
mmol/L, hemodialysis should be 
considered.’ To our knowledge, the se- 
rum level of 89 mmol/L of IPA in our 
patient 3 is the highest level reported, 
to date, in a patient who survived. He- 
modialysis dramatically affects the ki- 
netics of IPA. In one patient, 19 g/h of 
IPA and7g/h of acetone were removed 
using a standard dialyzer; the clear- 
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alysis coil was calculated to be 137 to 
165 mL/min.’ The authors calculated 
that the dialyzer was 52 times more 
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treat ethylene glycol poisoning but to 
our knowledge has not been used to 
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Since IPA is metabolized to acetone by 
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methylpyrazole might also be theoret- 
ically useful in the future treatment of 
IPA intoxication.'*” 
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Now you can implement 
a personalized 
management plan 


More Than 

a Prescription 

As you know, it takes 
more than a prescription 
to manage Parkinson's 
disease. An individualized 
lifestyle modification program — 
encompassing diet, exercise and 
day-to-day coping strategies — is often bene- 
ficial to the patient. 


A Total Treatment Strategy 

That's why Sandoz is bringing you PATH". A 
comprehensive new program that expands ther- 
apy beyond drug treatment, PATH is the route 
to better management of Parkinson's disease. 


«Developed in conjunction with national 


Parkinson’s disease associations and Parkinson’s 
disease specialists, PATH involves patient, family, 
pharmacist and physician in a total treatment 
strategy. 


The PATH Program puts you and your patients 
in touch with the latest information on symptom 
control and living with symptoms. It serves as a 
useful adjunct to your clinical management and 
provides a dependable additional source of 
information for your patients and their families. 


Home/Office Video Program 
ATH begins with a videotape that describes 
the program and reviews current approaches to 


living with Parkinson’s symptoms. It can be made 


available to your patients for home or office use. 


Regular Direct-to-Patient Mailings 

Patients receive regular PATH mailings contain- 

ing practical tips on day-to-day living with 

Parkinson’s symptoms. Topics include: 

B Coming to terms with Parkinson's disease 

B How to reduce stress and associated 
symptoms 

W How to deal with social issues raised by 
chronic disease 

i How to achieve good nutritional status 

B Improving symptoms through exercise 


for every 
Parkinson's 
patient 


Cliniscan" 

The Cliniscan" Program 
is a unique personal- 
ized assessment pro- 

gram, available to 

qualified patients. 

Cliniscan" provides your 

patients with specific recom- 

mendations for making helpful changes in their 
lifestyles. It also helps you monitor patient 

progress and provides you with the latest infor- 
mation on the treatment of Parkinson's disease. 


Quarterly questionnaires detailing the impact of 
Parkinson's symptoms on daily activities are 
completed by patients and their families. Their 
responses generate specific non-pharmacologic 
recommendations based on input from a board 
of Parkinson's disease specialists. These are for- 
warded first to you and then to your patients. 


Enroll Your Patients Today! 

For further information, including patient enroll- 
ment forms, just fill in this coupon and return it 
to: PATH, P.O. Box 220, Hawthorne, NJ 07507. 


Or call toll free 1-800-874-PATH. 





Because it takes more than a prescription 
to manage Parkinson's disease 


Please provide PATH patient enrollment forms 
and information to: 
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DALLAS/FORT WORTH (1) URS WORKS ors" 


Neuro 700 ORP 700 
APRIL 18-19-20 For OR Personnel only: 
MAY 7-8-9 * 17-18-19 JULY 16-17-18 


JUNE 25-26-27 
JULY 12-13-14 * 30-31-August 1 






WORKSHOPS: The workshops are held each day from 7:00 a.m. ENROLLMENT: Fee (US$): Surgeon $965.00; 


to 1:00 p.m. They emphasize a series of structured exercises, Fellow/Resident $585.00 (with letter from Department Head); 
— appropriate animal bones, skeletal bones, bioplastics, All Operating Room Personnel (RN/CST/PA/Other) $250.00. 
a metals. " 


"u Make check to: "Dallas/Fort Worth Symposium." 

: Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, TX 76111. 

Phone: 800-433-7639 or 817-831-2604. 


*Enrollment is limited. 
Please call to reserve 
space before sending 
check or cir. 
travel plans. All enroll- 
ments are made 
through the Midas Rex 
office in Fort Worth. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, 
MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700)—dissection skills for bonework of 
the head and spine, including attention to bioplastics and 
biometals as applicable. 


OR PERSONNEL 

(ORP 700)— 
dissection skills to 
become familiar with the 
applications of power 7 
instrumentation; and 
participation in problem 
solving, care and proper g 
maintenance of power 
equipment. 
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Bone, Biometals, Bioceramicsand Bioplastics" Mayfield Neurol 


(Neuro 700)* and MIDAS REX" Institute 
COURSE DIRECTORS: John M. Tew, Jr., M.D.; Susan Mitchell, Ed.D.; Richard Coup, Ed.D. 


* SYMPOSIUM FORMAT: Workshops: 7:30 a.m. -1:30 p.m. each | The Westin Hotel at Fountain Square 
day, with emphasis on hands-on exercises utilizing appropriate Cincinnati, OH 45202-3160 
animal bones, skeletal bones, bioplastics, and biometals for 51 3-621 -7700 
dissection in the cranium and spine. 


* ENROLLMENT IS LIMITED. Please call before Sonn check or making travel plans. All enrollments made 
through the MIDAS REX office in Fort Worth, Texas, U.S.A. 


* ENROLLMENT FEE: (U.S.$): Surgeon $965.00; Fellow/Resident $585.00 (with letter from Department Head); All 
Operating Room Personnel (RN/CS T/PA/Other) $250.00. 


Make check to "Cincinnati Symposium." 
Mail to: MIDAS REX Institute, 2929 Race Street, Fort Worth, TX 76111, U .S.A. 
Phone: 817-831-2604. FAX: 817- 838-2384. 
*An Orthopaedic Symposium will be conducted simultaneously in a separate room. 
Hospitality and some lectures will be combined. 
Join the more than 7,800 enrollees who have completed MIDAS REX Hands-On Workshops 









Controversies in Neurology 


The Thoracic Outlet Syndrome Is Underrated 


David B. Roos, MD 


he thoracic outlet syndromes (TOS) 

are caused by congenital or devel- 
opmental anatomic anomalies of mus- 
culoskeletal tissues that cause abnor- 
mal compression and irritation of the 
brachial plexus and subclavian vessels. 
The most obvious anomaly is a cervical 
rib, but this is found in only about 10% 
of patients with TOS. The other 90% 
who develop severe neuromuscular 
symptoms affecting the neck, shoulder, 
and upper extremity are found to have 
soft-tissue anomalies usually related 
to the middle and anterior scalene 
muscles. Although these anomalies 
have been carefully classified and 
reported,'? only the surgical team can 
appreciate the remarkable anatomic 
variations that cause the severe neu- 
rovascular symptoms. Extensive (and 
expensive), sophisticated neuroelec- 
tric studies, magnetic resonance imag- 
ing scans, computed tomography 
scans, and vascular laboratory studies 
completely fail to demonstrate the an- 
atomic variations of the soft tissues 
and the neurologic compression-irri- 
tation mechanisms that are the basic 
cause of the symptoms.^ Thus, the 
physician must rely on his clinical ex- 
perience and diagnostic acumen to 
evaluate adequately the conditions of 
patients with neurovascular com- 
plaints of the upper extremities. 

I have found significant soft-tissue 
anomalies in the thoracic outlet and 
Scalene triangle not illustrated in 
anatomy textbooks in 3396 of cadaver 
dissections. This indicates a surpris- 
ingly high incidence of anatomic sus- 
ceptibility of the normal population to 
have the neurovascular symptoms de- 
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velop that we categorize as TOS. With 
such a high incidence of these ana- 
tomic variations, one wonders not why 
do severe complaints arise from neu- 
rovascular compression, but why are 
they not more common than they are? 
Of the three major categories of 
TOS, neurologic, venous, and arterial, 
the neurologic type, caused by com- 
pression or irritation of the nerves of 
the brachial plexus, is by far the most 
common, constituting about 97% of all 
cases of TOS. This type may be further 
divided into two groups, depending on 
which nerves are specifically involved. 
In the upper plexus involvement, the 
C-5, C-6, and C-7 nerves are primarily 
affected by abnormally formed scalene 
muscles in relation to the upper three 
nerves usually combined with chronic 
spasm of the cervical muscles. This 
produces pain over the brachial plexus 
radiating from the ear through the 
anterior cervical region over the clav- 
icle into the upper part of the chest, 
posteriorly into the rhomboid and 
scapular areas, and laterally across 
the trapezius ridge and down the outer 
arm into the radial aspect of the fore- 
arm in a typical C5-6 distribution. 
The lower plexus type is different. 
Compression by abnormal muscle and 
congenital bands on the C-8 and T-1 
nerves causes pain in the supraclavic- 
ular and infraclavicular fossae, radi- 
ating into the upper part of the back 
and from the axilla down the inner 
arm through the ulnar nerve distribu- 
tion to the ring and small fingers. Pa- 
tients may present with either pattern 
or with a combination of both. It re- 
quires considerable time to delineate 
these patterns by detailed history and 
thorough physical examination. One 
must test the various areas of the neck, 
shoulders, and arms for local tender- 
ness, muscle spasm, weakness, and hy- 
poesthesias in specific nerve distribu- 


tions and muscle groups. Simply ob- 
taining chief complaints of pain in the 
neck, shoulder, and arm with pares- 
thesias, raising the arm to check the 
pulse, and then sending the patient off 
for neuroelectric, vascular laboratory, 
and angiography studies is a common 
practice to be condemned. These ex- 
pensive studies cannot establish the 
diagnosis; the patient is left with huge 
bills and no effective plan of treatment. 

Most patients are optimistically 
sent to physical therapy where the 
standard exercise program usually ag- 
gravates the muscle spasm compres- 
sion and irritation of the plexus, thus 
exacerbating the symptoms, which 
then makes the diagnosis and the pa- 
tient’s veracity suspect. Patients be- 
come frustrated, even angry that their 
complaints are not taken seriously; no 
specific diagnosis results and the only 
treatment offered makes them worse. 
Some are dismissed with multiple pre- 
scriptions for narcotics and anxiolytic 
medications that further infuriate the 
recipient and make the muscle con- 
traction headaches and plexus com- 
pression worse. 

In an ongoing odyssey from one re- 
ferral to another as patients desper- 
ately seek relief, the next physician 
encountered sees mainly the frustra- 
tion, anxiety, and anger that have de- 
veloped from the increasingly severe 
symptoms that affect the patient’s 
family life, job, sleep, and mental well- 
being in a progressively deteriorating 
manner. The underlying neuroana- 
tomic causes and specific symptom 
patterns may be masked and com- 
pletely overlooked. If this emotional 
facade can be pierced with empathy 
and diagnostic accuracy, the underly- 
ing TOS may still be amenable to 
appropriate treatment. 

Soothing types of therapy, using 
heat or ice, ultrasound, infrared heat, 
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and transcutaneous nerve stimulation 
devices along with biofeedback, mus- 
cle relaxants, nonsteroidal anti- 
inflammatory drugs, and sleeping 
medication to try to establish normal 
sleep patterns to promote emotional 
and neuromuscular relaxation can be 
offered for several weeks or months to 
see if the brachial plexus irritation 
abates and the symptoms become more 
tolerable. In early and mild cases, the 
results may be gratifying, but in more 
advanced cases, the symptoms and 
neurologie compression are usually too 
severe for these therapeutic modalities 
to be effective, and only mechanical 
anatomic alteration has a chance to 
offer resolution of the progressively 
incapacitating symptoms. 

For the most common type of TOS, 
the lower plexus involvement, removal 
of the bony floor of the thoracic outlet 
and the first rib and cervical rib if 
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present, along with the anomalous fi- 
bromuscular bands that are always 
found in carefully selected patients, 
will offer gratifying relief in 80% to 
90% of patients with severe symp- 
toms.** This is most safely and ade- 
quately accomplished through a trans- 
axillary approach. If the upper plexus 
is predominantly involved, supra- 
clavicular anterior scalenectomy, as 
distinguished from the obsolete scale- 
notomy used in the 1930s and 1940s, 
has the best chance of offering the 
most relief available.?? 

Although complications of such op- 
erations can be severe, in the form of 
life-threatening hemorrhage, perma- 
nent neurologic deficit of the arm and 
hand from brachial plexus injury, and 
winged scapula from long thoracic 
nerve trauma, such complications are 
rare. In many cases, the most gratify- 
ing results are the remarkable relief of 
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severe headaches, return to normal 
sleep patterns, and relief of the sec- 
ondary emotional reactions of frustra- 
tion, anger, and irritability. 

Dealing with patients who have TOS 
requires thorough knowledge of the 
various symptom complexes and great 
patience with people suffering severe, 
often incapacitating and frightening 
symptoms that they or their previous 
physicians do not understand. How- 
ever, if an accurate diagnosis is made, 
if surgical candidates are chosen with 
care, and if the appropriate operations 
are performed with meticulous tech- 
nique, significant, if not total, relief is 
the happy outcome in the majority of 
patients, even after all attempts at 
conservative treatment have failed. 
These often neglected patients may 
become some of the most gratified and 
appreciative people we see in our neu- 
rologic and surgical practices. 
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The Thoracic Outlet Syndrome Is Overdiagnosed 


Asa J. Wilbourn, MD 


Thoracic outlet syndrome (TOS) re- 
fers to disorders attributed to com- 
promise of the neurovascular struc- 
tures—subclavian/axillary artery and 
vein, distal cervical roots, brachial 
plexus fibers—traversing the thoracic 
outlet.! Thoracic outlet syndrome can 
be subdivided into four distinct sub- 
groups, depending on the particular 
structure affected, because seldom is 
more than one involved simultane- 
ously.? These subgroups are arterial 
vascular, venous vascular, true (or 
classic) neurologic, and disputed 
neurologic. The first three types are 
noncontroversial. Because of space 
limitations the vascular types cannot 
be discussed in detail; detailed descrip- 
tions of them are available?* They 
share several common features with 
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the true neurologic type (true N-TOS), 
including characteristic symptom pro- 
file, obvious clinieal findings, confir- 
matory results of laboratory studies, 
worldwide recognition as an entity, 
and low incidence. For example, true 
N-TOS is a rare lesion that occurs uni- 
laterally and primarily affects adult 
women. Caused by the distal C-8/T-1 
roots or proximal lower trunk of bra- 
chial plexus fibers being stretched over 
a taut congenital band extending from 
the first rib to a rudimentary cervical 
rib, it presents with a long history of 
sensory symptoms along mainly the 
medial forearm, associated with hand 
weakness and wasting, particularly of 
the lateral thenar muscles. Helpful 
laboratory studies include roentgeno- 
grams that reveal the bony abnormal- 
ity (but not the cervical band) and 
electromyographic examination that 
shows a chronic, severe, axon loss 
lower trunk brachial plexopathy. Sec- 
tioning the band relieves sensory 
symptoms and stops progression of the 
motor abnormalities.*’* 

In contrast, the remaining sub- 


group, disputed neurologic TOS (dis- 
puted N-TOS), possesses none of the 
above characteristies. Instead, it has 
many unique features, unparalleled in 
the field of peripheral neurology. 
First, although reputedly a neuro- 
logie disorder, disputed N-TOS rarely 
is mentioned in the neurologic litera- 
ture; it owes its origin and most of its 
popularity to — non-neurologically 
trained physicians, particularly tho- 
racic surgeons. It is predominantly a 
revival of the scalenus anticus syn- 
drome, often diagnosed in the 1940s 
and 1950s, and attributed to compres- 
sion of the brachial plexus, particu- 
larly the lower trunk, by an abnormal 
scalenus anticus muscle. Scalenus an- 
ticus syndrome lost its credibility after 
carpal tunnel syndrome and cervical 
radiculopathy were recognized, and its 
high surgical failure rate (60%) be- 
came known.?? Disputed N-TOS origi- 
nated in 1962, when Clagett? proposed 
first thoracic rib removal to treat all 
the entities then considered subtypes 
of TOS, convinced that the rib was the 
*common denominator" in their symp- 
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tom production. Equally important, he 
directed the attention of thoracic sur- 
geons to the thoracic outlet region.’ 

In 1966, a new surgical approach for 
first rib resection, the transaxillary, 
was introduced. Because of its cos- 
metic appeal, relative simplicity, and 
alleged safety, it generated an enor- 
mous increase in interest in this entity 
and particularly in its surgical 
treatment." The importance of this 
operation to the development of dis- 
puted N-TOS cannot be overempha- 
sized.’ In 1976, a new subset of disputed 
N-TOS, the “upper plexus” type," ap- 
peared, for which a new surgical pro- 
cedure was devised, total anterior 
scalenectomy." By 1986, the latter ac- 
counted for 15% of the 1920 TOS oper- 
ations performed by a single thoracic 
surgeon, the remaining 85% being 
first rib resections to treat the older 
“lower plexus” subset.” 

Another unique feature is the reluc- 
tance of many of its proponents to 
clearly distinguish it from the other, 
noncontroversial TOS subgroups. In- 
stead of considering it in isolation, 
they often discuss TOS as a rather ho- 
mogeneous entity, with the presenta- 
tion of all types intermingled, making 
recognition of this controversial sub- 
group difficult (eg, see article by Ur- 
schel et al'^). Moreover, many consider 
it an early evolutionary stage of true 
N-TOS, which it definitely is not? For 
ease of identification, it has been des- 
ignated disputed N-TOS, a term that 
emphasizes its most outstanding 
property 545 

A third unique feature is the strik- 
ing lack of consensus among its advo- 
cates regarding so many of its funda- 
mental aspects. Although not appar- 
ent from reading single articles on the 
subject, they agree on surprisingly lit- 
tle about this entity except that it is a 
common disorder, especially in 
women. Debated are such basic fea- 
tures as its underlying pathologic find- 
ings, the structure(s) affected (nerve 
fibers alone? nerve fibers plus blood 
vessels?), its characteristic clinical 
presentation, helpful adjunctive tests, 
optimal methods of treatment, and, if 
the latter are surgical, what proce- 
dure(s) to use. No other alleged neuro- 
logic disorder has so many of its fun- 
damental concepts in dispute, with so 
many of the disputes being between its 
proponents.** 


SYMPTOMS 


The symptoms that have been at- 
tributed to this entity are astounding 
in their variety and number. Men- 
tioned most often are pain and pares- 
thesias in a lower trunk (“ulnar 
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nerve”) distribution,’ a symptom com- 
plex essentially appropriated from the 
discredited scalenus anticus syn- 
drome. However, its symptom reper- 
toire has been expanded, by one pro- 
ponent or another, so that it is now 
all-inclusive. "The vagueness and gen- 
erality of the reported symptoms are 
truly striking. ...”"’ In addition, many 
of its symptoms—migraine headaches, 
memory loss, ear pain, conjunctival 
hyperemia, ete—lack a known neu- 
roanatomic basis.'*?° 


SIGNS 


Disputed N-TOS is usually described 
as a disorder that produces many 
symptoms but few, if any, objective 
changes? Some advocates consis- 
tently report finding "subtle" weak- 
ness and/or sensory loss." However, 
the ability of  non-neurologically 
trained physicians to readily detect 
minimal neurologic abnormalities 
that elude detailed examinations by 
neurologists has been questioned. 

Difficulties thus are encountered 
when one attempts to diagnose this 
entity on the basis of its clinical pre- 
sentation, as recommended by its 
proponents,'’*” because its symptoms 
“defy categorization” and its objec- 
tive clinical findings are either nonex- 
istent or suspect. 


ANCILLARY TESTS 


In practice, diagnosis occurs when a 
physician proclaims that the clinical 
profile, whatever that may be, is “typ- 
ical” for TOS and some “confirmato- 
ry” test result is positive. The latter 
may be a physical or a laboratory ex- 
amination procedure.’ More than 20 
different ones have been described as 
being the optimal adjunctive study." 
There is no consensus regarding the 
relative value of these; a procedure 
considered indispensable by one pro- 
ponent is frequently rejected as worth- 
less by another.’ Several of these an- 
cillary procedures are electrophysio- 
logic in nature. Over the years more 
than a half dozen of them have been 
heralded as being both highly sensitive 
and specific for this type of TOS. At 
present, somatosensory-evoked poten- 
tials apparently hold center stage, a 
position formerly occupied by the nee- 
dle electrode examination, various ul- 
nar motor conduction studies, F waves, 
F loops, and needle stimulation of the 
C-8 root.^/52 


THERAPY 


The most appropriate therapy for 
this entity is in dispute, not only re- 
garding conservative vs surgical man- 
agement but, if the latter is elected, 


which procedure(s) to employ.? Trans- 
axilary first rib resection was the 
mainstay for years but, presumably 
because of the failure rate associated 
with it, combining rib resections with 
scalenectomies is becoming fash- 
ionable.^? Fortunately, almost all of 
the therapeutic regimens reported, 
conservative or surgical, reputedly 
prove successful in approximately 8095 
to 90% of patients," causing one “to 
wonder what would have happened 
with no therapy at all." 

A fourth unique feature is its inci- 
dence, which varies enormously from 
one physician, hospital, city, and coun- 
try to another, depending on its per- 
ceived credibility.” At the extremes 
are skeptics who deny its existence,” 
and countries where it is essentially 
unknown,” to proponents who believe 
it makes up 99% of all TOS" and can be 
“recognized in about 8% of the 
population” (20 million persons in the 
United States alone!). 

Disputed N-TOS has provoked grow- 
ing concern among many physicians 
for several reasons. First, unques- 
tioned neurologic disorders are being 
mislabeled as TOS, especially when the 
diagnosing physicians are untrained 
in neurologic differential diagnoses 
and when modern neurologic diagnos- 
tic techniques are not used. An exam- 
ple is carpal tunnel syndrome. Some 
physicians unjustifiably exclude it 
from consideration when (1) paresthe- 
sias affect the entire hand, (2) some 
physical examination findings (eg, lat- 
eral thenar wasting) are absent, and 
(3) the elevated arm stress test of 
Roos” (EAST procedure) is positive. 
However, (1) almost all of the patients 
do complain of the entire hand being 
"numb," although any sensory loss 
present is limited to the median nerve 
distribution; (2) thenar wasting is a 
late finding, seen in progressively 
fewer patients today, thanks partly to 
sensitive electrodiagnostic studies; 
and (3) the EAST procedure is positive 
in 92% of patients with carpal tunnel 
syndrome.” Conversely, the propo- 
nents of disputed N-TOS often refuse 
to use electrodiagnostie studies, which 
almost all neurologists consider the 
premier means of diagnosing this neu- 
rologic abnormality, dismissing them 
as "too expensive" and "confusing."? 
All too often the result is unnecessary 
TOS surgery with concomitant delays 
in reaching the correct diagnosis. Sec- 
ond, TOS surgery is far from being the 
safe, simple procedure it was once 
considered. Many patients have sus- 
tained severe, permanent intraopera- 
tive injuries, particularly lower trunk 
brachial plexopathies.*” In our elec- 
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tromyography laboratory we have 
seen about the same number of pa- 
tients with postoperative brachial 
plexopathies as patients with true 
N-TOS (18 patients). Third, disputed 
N-TOS has become a potent force in 
personal injury lawsuits and worker’s 
compensation cases, as trauma, often 
both remote and trivial, has been 
named with ever-increasing frequency 
as its inciting cause.??! Such an ill-de- 
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The Thoracic Outlet 


We tend to find what we look for. 
Roos encountered “significant 
soft-tissue anomalies in the thoracic 
outlet and scalene triangle not illus- 
trated in anatomy textbooks in 33% of 
cadaver dissections.” And yet, it is dif- 
ficult to know how many of the subjects 
had symptoms and signs in life. Simi- 
larly, even if anatomic variants are 
found at operation and symptomatic 
relief is achieved after it, a firm causal 
relationship cannot be established, 
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fined entity is a plaintiff lawyer's 
dream and one likely to seriously dis- 
tort the judicial process. 


CONCLUSION 


Thoracic outlet syndrome is highly 
overdiagnosed. A great variety of 
symptoms are being attributed to 
some hypothetical brachial plexus le- 
sion, confirmation of which has proved 
remarkably elusive over the years, 
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particularly if dealing with pain, a 
modality highly responsive to dra- 
matic intervention. 

As Wilbourn points out, the term 
“thoracic outlet syndrome” is applied 
to a wide range of entities, from the 
indisputable to the incredible. Unless 
the syndrome is cleaved into objec- 
tively defined subcategories and sub- 
jected to unbiased therapeutic evalua- 
tions, the debate about its frequency 
will never cease. 


since it causes no undisputed clinical 
or electrophysiologic abnormalities. 
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symptoms and to concede that the 
“ore” (ie, TOS) Clagett’ reported find- 
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1962, which initiated the present dis- 
puted N-TOS goldrush, contains very 
little gold and much pyrite. 
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Given Roos' pioneering work in this 
field, his reputation, and the nature of 
his practice, the thoracic outlet syn- 
drome may well be underrated in the 
patients referred to him. However, 
outside of such a selective experience, 
and if one insists on the rigorous cri- 
teria demanded by Wilbourn, the tho- 
racic outlet syndrome is almost cer- 
tainly overdiagnosed. 

VLADIMIR HACHINSKI, MD, DSc (MED) 
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WEST PALM BEACH t HANDS-ON WORKSHOPS” 


529 25th Street 


"Modern Dissection Techniques of Bone, Biometals, Bloceramics, and Bloplastics” 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL SURGEONS 
(Neuro 700)—dissection skills for bonework of the head and spine, including attention to bioplastics and biometals as 
applicable. 


OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power instrumentation; 
and participation in problem solving, care and proper maintenance of power equipment. 


Neuro 700 ORP 700 

MAY 7-8-9 * 21-22-23 For OR Personnel only: 
JUNE 11-12-13 + 25-26-27 MAY 14-15-16 

JULY 9-10-11 * 19-20-21 


ENROLLMENT: Fee (US$): Surgeon $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Palm Beach Sympos Mail to: Midas Rex Institute, 2029 Race 

Street, Fort Worth TX 76111. Phone: 800-433-7639 or 817-831-2604. 

*Enrollmentis limited. Please call to reserve space before sending check or arranging 

ad piana: All enrollments are made through the Midas Rex office in 
ort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 














April 26-27-28, 1990 
€ (Immediately preceding the American 


Vt Association of Neurological Surgeons meeting.) 
LENNESSEE 
MIDAS REX" Institute ^ presents 


"Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics" 
Symposia/Hands-On Workshops with Separate Hands-On Sessions: 
for Neurosurgeons, Plastic, ENT, Craniofacial, and Maxillofacial Surgeons (NEURO 700) 
for Orthopaedic Surgeons (ORTHO 700) 
for Operating Room Personnel (ORP 700) Course Directors: 
Susan Mitchell, Ed.D.; Glen Mitchell, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An intensive series CREDITS; C.M.E. Credit Available. 
of hands-on exercises utilizing appropriate animal bones, skeletal COURSE LOCATION AND ACCOMMODATIONS: Doubletree at 
bones, etc.: Commerce Place, Two Commerce Place, Nashville, Tennessee 
Neurosurgeons--dissection skills for bonework of the cranium and 37219. Phone: 615-244-8200. 
spine, including attention to bioplastics and biometals applicable to ENROLLMENT: Fee: (US$): Surgeon $965.00; Resident $585.00 
neurosurgery. (with letter from Department Head); All Operating Room Personnel 
Orthopaedic Surgeons--dissection in small bones, large bones, (RN/CST/PA/Other)$250.00. Make check to "Nashville Sym- 
spines, joint replacement, revision surgery, methylmethacrylate, posium." Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, 
polyethylene, and biometals, including broken stem extraction. Texas 76111. Phone: 800-433-7639 or 817-831-2604. 

OR Personnel--dissection skills to become familiar with the applica- 
tions of power instrumentation; discussion of and participation in Join the more than 7,600 enrollees who have completed Midas Rex 
problem solving, care, and proper maintenance of power equipment. Hands-On Workshops. (3,800 Orthopaedic Surgeons; 1,600 
Neurosurgeons; 2,250 OR Personnel) 








































































Dosage Guidelines 
Individualized dosage—a key to clinical 
success with SINEMET 

e begin when symptoms first interfere with 
normal function 

e adjust as necessary to help maintain relief of 
symptoms 





For initial therapy... 
Start with: 


SINEMET 25-100 
containing 25 mg carbidopa 
(anhydrous equivalent) and 
400 mg levodopa 


one tablet t.i.d. 


If necessary, to control symptoms, dosage may 
be increased by one tablet every day or every 
other day until a dosage of eight tablets of 
SINEMET 25-100 a day is reached. 


When it is evident that patients 
need more levodopa... 
Transfer to: 


SINEMET 25-250 
containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 
If still more levodopa is necessary, dosage with 
SINEMET 25-250 may be increased by one-half 
to one tablet every day or every other day to a 
maximum of eight tablets a day. 






When individualizing dosage... 
Titrate with: 


SINEMET 10-100 
containing 10 mg carbidopa 
(anhydrous equivalent) and 
400 mg levodopa 


or SINEMET 25-100 
or SINEMET 25-250 


The optimum daily dosage of SINEMET must 
be determined by careful titration in each 
patient. Tablets of the three strengths may be 
given separately or combined as needed to 
provide the optimum daily dosage. 


For patients transferred 


from levodopa 

DISCONTINUE LEVODOPA AT LEAST 

8 HOURS BEFORE STARTING SINEMET. 

The starting dose for SINEMET should provide 
about 25 percent of previous levodopa require- 
ments. (Patients receiving less than 1500 mg of 
levodopa a day should be started on one tablet 
of SINEMET 25-100 t.i.d. or q.i.d.) 





For full details on dosage and 
administration, see Prescribing 
Information. 


For many parkinsonian patients when symptoms first impair normal function 


Sinemet 


(Carbidopa-Levodopa | MSD) 


When SINEMET is to be given to patients who are 
being treated with levodopa, levodopa must be dis- 
continued at least 8 hours before therapy with 
SINEMET is started. In order to reduce adverse reac- 
tions, itis necessary to individualize therapy.See the 
WARNINGS (below) and DOSAGE AND ADMINIS- 
TRATION sections in the Prescribing Information 
before initiating therapy. 

Contraindications: MAO inhibitors and SINEMET should 
not be given concomitantly. MAO inhibitors must be dis- 
continued at least 2 weeks prior to initiating therapy with 
SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle glaucoma. 

Because levodopa may activate a malignant mela- 
noma, it should not be used in patients with suspicious, 
undiagnosed skin lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 
hours before SINEMET is started. SINEMET should be sub- 
stituted at a dosage that will provide approximately 25 
percent of the previous levodopa dosage. (See DOSAGE 
AND ADMINISTRATION section of Prescribing Information.) 
Patients taking SINEMET should be instructed not to take 
additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary 
movements and mental disturbances. These reactions may 
be due to increased brain dopamine following administra- 
tion of levodopa. All patients should be observed carefully 
for development of depression with concomitant suicidal 
tendencies. Treat with caution patients with past or current 
psychoses. Because carbidopa permits more levodopa to 
reach the brain and, thus, more dopamine to be formed, 
dyskinesias may occur at lower dosages and sooner with 
SINEMET than with levodopa. Occurrence of dyskinesias 
may require dosage reduction. 

SINEMET should be administered cautiously to 
patients with severe cardiovascular or pulmonary disease, 
bronchial asthma, renal, hepatic or endocrine disease. 

Exercise care in administering SINEMET, as with 
levodopa, to patients with history of myocardial infarction 
who have residual atrial, nodal, or ventricular arrhythmias. In 
such patients, cardiac function should be monitored with 
particular care during period of initial dosage adjustment, in 
a facility with provisions for intensive cardiac care. 

As with levodopa, there is possibility of upper GI hem- 
orrhage in patients with history of peptic ulcer. 

A symptom complex resembling the neuroleptic 
malignant syndrome including muscular rigidity, elevated 
body temperature, mental changes, and increased serum 
creatine phosphokinase has been reported when anti- 
parkinsonian agents were withdrawn abruptly. There- 
fore, patients should be observed carefully when the 
dosage of SINEMET is reduced abruptly or discontinued, 
especially if the patient is receiving neuroleptics. 

Usage in Pregnancy and Lactation: Although effects 
of SINEMET on human pregnancy and lactation are 
unknown, both levodopa and combinations of carbidopa 
and levodopa have caused visceral and skeletal malforma- 
tions in rabbits. Use of SINEMET in women of childbearing 
potential requires that anticipated benefits of the drug be 
weighed against possible hazards to mother and child. 
SINEMET should not be given to nursing mothers. 

Usage in Children: Satety of SINEMET in patients 
under 18 has not been established. 

Precautions: As with levodopa, periodic evaluations of 
hepatic, hematopoietic, cardiovascular, and renal function 
are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular pres- 
sure is well controlled and patient is monitored carefully for 
changes in intraocular pressure during therapy. 

LaboratoryTests: Abnormalities in laboratory tests may 
include elevations of liver function tests such as alkaline 
phosphatase, SGOT (AST), SGPT (ALT), lactic dehydroge- 
nase, and bilirubin. Abnormalities in protein-bound iodine, 
blood urea nitrogen, and positive Coombs test have also 
been reported. Commonly, levels of blood urea nitrogen, 
creatinine, and uric acid are lower during administration of 
SINEMET than with levodopa. 


Manufactured by 
Merck Sharp & Dohme 
Div. of Merck & Co., Inc., West Point, PA 19486, USA 


SINEMET® (Carbidopa-Levodopa, MSD) may cause a 
false-positive reaction for urinary ketone bodies when a test 
tape is used for determination of ketonuria. This reaction will 
not be altered by boiling the urine specimen. False-negative 
tests may result with the use of glucose-oxidase methods of 
testing for glucosuria. 

Drug Interactions: Caution should be exercised when 
the following drugs are administered concomitantly with 
SINEMET. 

Symptomatic postural hypotension can occur when 
SINEMET is added to the treatment of a patient receiving 
antihypertensive drugs. Therefore, when therapy with 
SINEMET is started, dosage adjustment of the antihyper- 
tensive drug may be required. For patients receiving 
monoamine oxidase inhibitors, see CONTRAINDICATIONS 
(above). 

There have been rare reports of adverse reactions, 
including hypertension and dyskinesia, resulting from the 
concomitant use of tricyclic antidepressants and SINEMET. 

Phenothiazines and butyrophenones may reduce the 

therapeutic effects of levodopa. In addition, the beneficial 
effects of levodopa in Parkinson's disease have been 
reported to be reversed by phenytoin and papaverine. 
Patients taking these drugs with SINEMET should be care- 
fully observed for loss of therapeutic response. 
Adverse Reactions: Most common serious adverse reac- 
tions occurring with SINEMET are choreiform, dystonic, 
and other involuntary movements. Other serious adverse 
reactions are mental changes including paranoid ideation 
and psychotic episodes, depression with or without devel- 
opment of suicidal tendencies, and dementia. Convulsions 
also have occurred; however, a causal relationship with 
SINEMET has not been established. 

Acommon butless serious effect is nausea. 

Less frequent adverse reactions are cardiac irregulari- 
ties and/or palpitation, orthostatic hypotensive episodes, 
bradykinetic episodes (the “on-off phenomenon), 
anorexia, vomiting, and dizziness. 

Rarely, GI bleeding, development of duodenal ulcer, 
hypertension, phlebitis, hemolytic and non-hemolytic ane- 
mia, thrombocytopenia, leukopenia, and agranulocytosis 
have occurred. 

Laboratory tests which have been reported to be 
abnormal are alkaline phosphatase, SGOT (AST), SGPT 
(ALT), lactic dehydrogenase, bilirubin, blood urea nitrogen, 
protein-bound iodine, and Coombs test. 

Other adverse reactions that have been reported with 
levodopa are: Nervous System: ataxia, numbness, 
increased hand tremor, muscle twitching, muscle cramps, 
blepharospasm (which may be taken as an early sign of 
excess dosage, consideration of dosage reduction may be 
made at this time), trismus, activation of latent Horner's 
syndrome. Psychiatric: confusion, sleepiness, insomnia, 
nightmares, hallucinations, delusions, agitation, anxiety, 
euphoria, Gastrointestinal: dry mouth, bitter taste, sialor- 
thea, dysphagia, bruxism, hiccups, abdominal pain and 
distress, constipation, diarrhea, flatulence, burning sensa- 
tion of tongue. Metabolic: weight gain or loss, edema. 
Integumentary: malignant melanoma (see also CON- 
TRAINDICATIONS), flushing, increased sweating, dark 
sweat, skin rash, loss of hair. Genitourinary: urinary reten- 
tion, urinary incontinence, dark urine, priapism. Special 
Senses: diplopia, blurred vision, dilated pupils, oculogyric 
crises. Miscellaneous: weakness, faintness, fatigue, 
headache, hoarseness, malaise, hot flashes, sense of stim- 
ulation, bizarre breathing patterns, neuroleptic malignant 
syndrome. 

Overdosage: Management of acute overdosage with 
SINEMET is basically the same as management of acute 
overdosage with levodopa; however, pyridoxine is not effec- 
tive in reversing the actions of SINEMET. 

How Supplied: Tablets of SINEMET 10-100, SINEMET 
25400, and SINEMET 25-250 are supplied in bottles of 
100 and unit dose packages of 100. 

Storage 

Tablets SINEMET 10-100 and Tablets SINEMET 25-250 
must be protected from light. 


For more detailed information, consult your 
Du Pont Representative or see Prescribing 
Information. (117) 
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Practice of Neurology 


The Changing Paradigm of Neurologic Practice and Care 


Implications for the Undergraduate Curriculum 


Matthew Menken, MD 


Neurologie practice and care have 

been modified in many important 
ways during the past 30 years, to adapt 
to the explosion of new information 
and new technology. Moreover, of 
great influence on the matrix of care 
are the effects that result from major 
social and demographic changes in our 
society. For example, the aging of the 
population has increased the burden of 
chronic illness, such as arthritis, car- 
diovascular disorders, and Alzhei- 
mer's disease. Changes in the financ- 
ing of care have resulted in fewer hos- 
pital admissions of much sicker 
patients, and a concomitant increase 
in the volume of ambulatory care.' At- 
titudes about health care have 
changed, fueled in part by the escala- 
tion of expenditures, estimated to be 
$550 billion in 1988, or nearly 1296 of 
the US gross national product.’ A re- 
spected economist suggested in 1986 
that some reduction of physician ser- 
vices may be socially beneficial, even if 
it decreases the health status of cer- 
tain individuals, because the effect of 
such decreases may be less than the 
impact of the resources freed for other 
uses. 

Although the scope, character, and 
content of neurologic practice and care 
have changed markedly, efforts to al- 
ter educational programs to increase 
social awareness among students and 
physicians have met with little 
success.’ This contradiction arises be- 
cause the prevailing viewpoint among 
neurologic faculty about curriculum 
goals and objectives has been remark- 
ably constant. For more than 30 years, 
medical students, residents, and prac- 
ticing physicians alike have been so- 
cialized in medical school, postgradu- 
ate training, and continuing medical 
education programs to a model of care 
that focuses almost exclusively on the 
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applications to neurologic disorders of 
the new knowledge obtained from bio- 
medical research. This is an example of 
the powerful influence of values and 
attitudes as determinants of the 
knowledge and skills to be demon- 
strated and taught. A shared value 
preference of this type among any 
group of scientific workers is referred 
to, by scholars in the field of the 
philosophy of science, as a paradigm— 
a conceptual model that suggests for 
practitioners in a given field what 
problems are solvable, and the general 
approach needed for their solution.^ 
Without a generally accepted para- 
digm, scientists are unable to develop 
coherent assumptions as well as stan- 
dards of performance and behavior, eg, 
as a framework to sustain the peer re- 
view process. 

The paradigm that has guided med- 
ical and neurologic practice and care 
for more than 30 years might be called 
the paradigm of cell biology, because it 
assumes that the cause and mecha- 
nism of each disorder of uncertain eti- 
ology will be identified through re- 
search in cellular and organ system 
biology.’ This approach has generated 
astonishing advances in care, espe- 
cially in the field of neurology.’ Many 
of the most striking improvements in 
morbidity and mortality patterns in 
the population in the 20th century, 
such as the control and eradication of 
a number of life-threatening infec- 
tions, derive from the applications of 
bench research to a variety of disor- 
ders. 

The paradigm of cell biology has also 
fostered the concept of “rational” 
therapy, ie, care protocols based on 
demonstrable measurable biologic ab- 
normalities in specific clinical 
situations.’ I suggest that the scope 
and content of courses at recent scien- 
tific meetings of the American Acad- 
emy of Neurology clearly reflect the 
prevailing viewpoint among most neu- 
rologists that virtually all future sci- 
entific advances in care will result 
from still further applications of basic 
neuroscience discoveries to clinical 
problems, as has occurred in the past. 
In my view, the wisdom and justifica- 


tion of this assumption at present are 
questionable. 

In examining the burden of illness in 
the entire US population to be served 
in 1990, I have found that there is a 
preponderance of chronic disorders 
that collectively reflect behavioral 
characteristics and societal values and 
customs, such as coronary artery dis- 
ease, stroke, headache, lumbosacral 
pain syndrome, and chronic lung 
disease." It seems likely that the dis- 
orders of the nervous and musculoskel- 
etal systems causally related to vio- 
lence and trauma, stress, smoking, 
diet, sexually transmitted disorders, 
drug addiction, adolescent pregnancy, 
environmental pollution, and work- 
place accidents, among others, cannot 
be understood and effectively treated 
with the approach of the cell biologist. 
For such problems, is there any doubt 
that a major research effort should fo- 
eus on personal, family, environmen- 
tal, and community health, using the 
methodology of the behavioral and so- 
cial sciences, including the population 
sciences? Will the burden of stroke, for 
example, be reduced more through a 
greater number of "high-tech" stroke 
units in tertiary hospitals, or by 
changes in dietary fat, control of obe- 
sity, more exercise, less stress, and no 
smoking? 

The perspective presented in broad 
outline above has generated a new sci- 
entific paradigm in recent years, stim- 
ulated most forcefully and vocifer- 
ously by a public and its elected offi- 
cials increasingly aware of the need for 
a different conceptual umbrella to un- 
derstand the major health problems of 
a modern industrialized society. This 
new model might be called the para- 
digm of personal, family, and commu- 
nity health (PFCH), because it calls for 
an approach to medical practice and 
care that includes disciplined observa- 
tion and critical analysis of illness be- 
havior and sociocultural problems, and 
research strategies to develop inter- 
sectoral cooperation with workers in 
such fields as environmental and occu- 
pational health and the behavioral 
sciences. The paradigm of PFCH 
broadens substantially the scientific 
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underpinning of medical practice. As 
an example of this broader framework, 
pain problems are important in neuro- 
logic practice, but the research and 
educational emphasis is, almost al- 
ways, on acute pain (largely a problem 
of cell and organ system biology), 
rather than on chronic pain, which re- 
quires a biosociocultural approach.” 
The meaning of scientific care is also 
redefined by this paradigm, making 
medical practice and care unscientif- 
ic if they are not, pari passu, human- 
istic." 

From this perspective, the para- 
digms of cell biology, on the one hand, 
and PFCH, on the other, are comple- 
mentary, not substitutive. Clearly, the 
biomedical research effort should be 
expanded, concomitant with the rap- 
idly growing health services research 
agenda. It is a question of developing 
balanced educational programs to 
meet the modern needs of medical stu- 
dents, residents, and practicing physi- 
cians. Neurologists, who have a long 
tradition of a commitment to excel- 
lence in education, can forge linkages 
with other disciplines to coordinate 
joint efforts that maximize impact and 
effectiveness in this area, both in the 
general curriculum and in the materia 
neurologica to be demonstrated and 
taught. For example, the Non-Neurol- 
ogist Education Subcommittee of the 
American Academy of Neurology, in 
collaboration with the Commission on 
Education of the American Academy 
of Family Physicians, recently devel- 
oped curriculum guidelines in neurol- 
ogy for family practice residents 
within the dual framework suggested 
above." Although the changing scien- 
tific paradigm also has implications 
for postgraduate and continuing edu- 
cational programs in neurology, it is 
the purpose here to focus on its rele- 
vance for the undergraduate curricu- 
lum. 


UNDERGRADUATE EDUCATION 
IN NEUROLOGY 


In 1987, the Undergraduate Educa- 
tion Committees of the Association of 
University Professors of Neurology 
and the American Academy of Neurol- 
ogy and the Joint Education Commit- 
tee of the American Association of 
Neurological Surgeons and the Con- 
gress of Neurological Surgeons pro- 
posed a model curriculum for under- 
graduate instruction. This group 
identified clearly stated goals and ob- 
jectives as the sine qua non of any cur- 
riculum. However, as the “ultimate 
goal," the acquisition of eight skills 
was emphasized, such as an under- 
standing of the anatomic and physio- 
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logic basis of the neurologic examina- 
tion, the capacity to characterize the 
pathogenetic and pathophysiologic 
mechanisms of neurologic disorders, 
and an understanding of the relative 
value and cost of neurodiagnostic 
studies. 

I suggest that such an approach 
blurs the crucial distinction between 
the purpose of undergraduate and 
postgraduate education, because of its 
narrow focus on the biomedical con- 
tent of care, and the sole paradigm of 
cell biology. The purpose of undergrad- 
uate medical education is to provide 
pre-MD students with the common 
foundation of knowledge, skills, val- 
ues, and attitudes needed by all future 
practicing physicians as a generic 
preparation for postgraduate training 
in any specialty." The purpose of 
postgraduate medical education is to 
provide physicians with sufficient 
knowledge and vocational skills to as- 
sume independent (unsupervised) re- 
sponsibility for patient care in their 
chosen specialty.'* 

The modern neurology department 
might be viewed as a holding company 
because it manages the activities of an 
ever increasing number of divisions 
and subsidiaries — (subspecialties) 
whose special interests and activities 
make it more difficult to conceptualize 
and implement a balanced curriculum 
for undergraduates. The paradigms of 
cell biology and PFCH need to be 
blended in the undergraduate curricu- 
lum, through modifications that clar- 
ify and delineate the knowledge, skills, 
values, and attitudes needed by every 
student. In the following discussion, I 
explore the kinds of strategies that 
neurologic faculty might consider in 
undergraduate education to prepare 
all students for subsequent medical 
practice in the 21st century, regardless 
of the field of specialization. I approach 
this topic from the viewpoint of a 
practicing neurologist who has con- 
ducted an office-based clinical clerk- 
ship for approximately 300 medical 
students during the past 20 years. 

First of all, the concept of the science 
that is “basic” for all medical students 
needs to be expanded, to include an- 
other set of sciences. The basic sciences 
currently include such fields as neu- 
roanatomy, neuropathology, and neu- 
rophysiology—disciplines called by 
some the sciences of parts and 
particles.’ Study in these fields is obvi- 
ously necessary, but should be 
matched by an appropriate exposure to 
the basic principles of epidemiology, 
ecology, medical sociology, and social 
psychology, among others. Perhaps a 
metaphor that distinguishes between 


the prebasic sciences (intrinsic to the 
individual) and the postbasic sciences 
(extrinsic to the individual) would en- 
courage students to broaden their 
learning objectives to include relevant 
information from the social sciences. 
The bias of most faculty neuroscien- 
tists toward that which is quantifiable 
has excluded these other sciences from 
all but a token and peripheral place in 
the curriculum, even though the 
knowledge obtained from such fields is 
of crucial importance for most prac- 
ticing physicians. For example, the 
principles of epidemiology teach the 
student to use the frequency of disor- 
ders in medical practice as an impor- 
tant guideline for priority setting in 
independent learning.” From the med- 
ical student's perspective, full-time 
faculty neuroscientists sometimes ap- 
pear to be least interested in the most 
common disorders, and most. inter- 
ested in the least common disorders. 

Second, the form and substance of 
undergraduate clinical instruction 
should make it clear to the student 
that neurology is itself a specialty of 
general medicine and that the princi- 
ples of internal medicine, as part of a 
general professional education, are 
highly relevant to the study of 
neurology.? For example, the screen- 
ing neurologic examination should be 
taught as part of the general physical 
examination, not as a separate exer- 
cise. Although emphasis on problem- 
based learning in neurologic education 
has correctly been highlighted, stu- 
dents also need to understand that a 
problem-oriented approach calls for 
the critical analysis of a broad array of 
facts that do not respect specialty 
boundaries. As has been suggested 
previously, the best way to achieve this 
objectiveis for the faculty neurologists 
to rotate routinely in a primary care 
environment to discover neurologic 
problems, rather than waiting to con- 
sult only on problems discerned by 
others." 

Third, every neurology department 
in a medical school should have one or 
more faculty mentors, whose principal 
role is that of a teacher at the medical 
student level.'* In my view, undergrad- 
uate education is a postbaccalaureate 
experience, and students require the 
continuity of designated faculty tutors 
who are able to provide the general 
knowledge, skills, and attitudes needed 
by all physicians, not a series of hit- 
and-run encounters that collectively 
provide a glimpse of subspecialty care. 
At many schools, virtually all clinical 
teachers are now full-time faculty 
members, whose research activity and 
responsibilities for the training of 
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postgraduate residents and fellows 
compete with the time and effort 
needed in undergraduate instruction. 
Given the broad range of tasks and re- 
sponsibilities assigned to the full-time 
faculty for postgraduate education 
and research, departments should ex- 
amine critically the capacity of a part- 
time faculty of practicing neurologists 
to provide undergraduates with a care- 
fullp monitored preceptorship, with 
greatest emphasis on community- 
based, ambulatory care.? An essential 
component of this framework is a fac- 
ulty promotion and reward program 
that values excellence in education as 
fully as excellence in biomedical 
research.’ 

Fourth, the practice of simply ag- 
glutinating medical students to the 
team of residents on the neurology 
service of a tertiary hospital should 
probably be abandoned. The distinc- 
tive goals, interests, and needs of stu- 
dents are very different from those of 
residents. Moreover, residents are un- 
qualified clinical teachers, except un- 
der readily available and competent 
supervision, and their role as faculty 
surrogates in the complex situations 
that frequently arise in teaching hos- 
pitals is difficult to reconcile with the 
process of defining and assuring care 
quality. Even in those departments 
that have taken imaginative and con- 
structive steps to adapt residency 
training to changing patterns of pa- 
tient care, as at The Johns Hopkins 
School of Medicine, Baltimore, Md, it 
has proved very difficult to find an ap- 
propriate role for medical students.? 
The challenge is to provide active 
learning experiences in other care set- 
tings, a reduction of the quanta of mi- 
croneurologic facts, and a shifting em- 
phasis that reflects the need to work 
with the patient, family, and local 
community as the basis for effective 
health promotion and disease preven- 
tion, in addition to the traditional cur- 
ing role of the physician. 


CONCLUSIONS 


Since the 1950s, medical schools 
have expanded into biomedical re- 
search institutes, largely as a response 
to federal funding.? Research and spe- 
cialization have reinforced one an- 
other, so that most full-time academic 
faculty in neurology are presently 
trained as subspecialist neuroscien- 
tists with specific research interests in 
cell and organ system biology. A con- 
fined research emphasis of this type 
has many benefits, but has also created 
distortions in the educational mission 
of the medical school, because of a 
narrow focus on the biomedical con- 
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tent of practice and care. This defi- 
ciency is especially evident in the un- 
dergraduate curriculum, which re- 
quires a broad, general education for 
later postgraduate training in a spe- 
cialty. Instead, medical students are 
provided with a vest-pocket edition of 
the research-oriented postgraduate 
experience, in a teaching hospital mi- 
lieu where federal grant support for 
research serves as a proxy for faculty 
scholarship.” 

Using the paradigms of cell biology 
and PFCH jointly, four steps that 
neurology departments might con- 
sider in the approach taken to the un- 
dergraduate curriculum are presented: 
(1) Broaden the basic science concept 
to include the relevant social and be- 
havioral sciences. (2) Teach the sum 
and substance of core neurology as a 
subset of the general principles of in- 
ternal medicine. (3) Develop faculty 
mentors for undergraduates, whose 
prestige and reward are based on ex- 
cellence in education. (4) Remove un- 
dergraduates from the team of special- 
ists and specialists-in-training in the 
teaching hospitals, and substitute 
clerkships that emphasize the commu- 
nity-based framework of service pro- 
vision. 

Finally, given the concerns ex- 
pressed in recent years about the fu- 
ture of neurology as a specialty,” es- 
pecially the future of academic neurol- 
ogy, it seems appropriate to suggest 
that a curriculum grounded exclu- 
sively on the principles of cell and or- 
gan system biology is not necessarily 
the best or only way to attract more 
and better students to careers as in- 
vestigators in the neurosciences, of 
whom a considerable undersupply cur- 
rently exists. My own experience sug- 
gests that many students with a first- 
rate baccalaureate education and a 
sound understanding of the basic con- 
cepts of family and community medi- 
cine find this narrowly biotechnical 
framework off-putting and infra dig- 
nitatem—a reflection of their assump- 
tions and attitudes about the relative 
sociocultural meaning of the MD and 
PhD degrees. In January 1989, only 239 
fourth-year medical students (of a to- 
tal of approximately 16 000 seniors) 
applied for 411 residency positions 
that wil be available in July 1990 
through the Neurology Matching 
Program.^ Perhaps a greater reliance 
on the paradigm of PFCH in the un- 
dergraduate curriculum will rekindle 
the excitement and enthusiasm about 
materia neurologica and its phenome- 
nology among a larger cohort of so- 
cially aware and committed medical 
students—traditionally the basis for 


career decisions among neurologists, 
including those who decided on careers 
as investigators after a formative pe- 
riod of patient care. 
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BRIEF SUMMARY 
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INDICATIONS AND USAGE 

Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients who are 
in good neurological condition post-ictus (e.g. Hunt and Hess Grades 1-111). Oral Nimotop® therapy 
should begin within 96 hours of the subarachnoid hemorrhage and continue for 21 days. 


CONTRAINDICATIONS 


None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium channel 
blocker, although they are generally not marked. In patients with subarachnoid hemorrhage given 
Nimotop® in clinical studies, about 5% were reported to have had lowering of the blood pressure and 
about 196 left the study because of this (not all could be attributed to nimodipine). Nevertheless, blood 
pressure should be carefully monitored during treatment with Nimotop® based on its known pharmacol- 
ogy and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic func- 
tion. Such patients should have their blood pressure and pulse rate monitored closely and should be given 
a lower dose (see Dosage and Administration). 


Laboratory Test Interactions: None known. 


Drug Interaction: lt is possible that the cardiovascular action of other calcium channel blockers 
could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive compounds 
taken concomitantly by patients suffering from hypertension: this phenomenon was not observed in 
North American clinical trials. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences of 
adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats given a diet 
containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) than in placebo 
controls. The differences were not statistically significant; however, the higher rates were well within 
historical control range for these tumors in the Wistar strain. Nimodipine was found not to be carcino- 
genic in a 91-week mouse study but the high dose of 1800 ppm nimodipine-in-feed (546 to 774 mg/kg/day) 
shortened the life expectancy of the animals. Mutagenic studies, including the Ames, micronucleus and 
dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and female 
Wistar rats following oral doses of up to 30 mg/kg/day when administered daily for more than 10 weeks in 
the males and 3 weeks in the females prior to mating and continued to day 7 of pregnancy. This dose in a 
rat is about 4 times the equivalent clinical dose of 60 mg q4h in a 50 kg patient. 

Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect in 
Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by gavage) 
doses of 1 and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not at 3.0 mg/kg/day 
in one of two identical rabbit studies. In the second study an increased incidence of stunted fetuses was 
seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryotoxic, causing resorption and 
stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day administered by gavage from day 6 through 
day 15 of pregnancy. In two other rat studies, doses of 30 mg/kg/day nimodipine administered by gavage 
from day 16 of gestation and continued until sacrifice (day 20 of pregnancy or day 21 post partum) were 
associated with higher incidences of skeletal variation, stunted fetuses and stillbirths but no malforma- 
tions. There are no adequate and well controlled studies in pregnant women to directly assess the effect on 
human fetuses. Nimodipine should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk at 
concentrations much higher than in maternal plasma. It is not known whether the drug is excreted in 
human milk. Because many drugs are excreted in human milk, nursing mothers are advised not to breast 
feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage (11.2%) who 
were given nimodipine. The most frequently reported adverse experience was decreased blood pressure in 
4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated patients also reported adverse 
experiences. The events reported with a frequency greater than 1% are displayed below by dose. 








DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90mg 120mg 
Sign/Symptom (n=82) (n=71) (n= 494) (n=172) (n=4) (n= 479) 
Decreased Blood Pressure 1 (1.2) 0 19 (3.8) 14 (8.1) 2(50.0) 6 (1.2) 
Abnormal Liver Function Test 1 (1.2) 0 2 (0.4) 1(0.6) 0 7 (1.5) 
lema 0 o 2 (0.4) 2(1.2) 0 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3(1L7) 0 3 (0.6) 
Ras| 2 (2.4) 0 3 (0.6) 2(12) 0 3 (0.6) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal Symptoms 2 (2.4) 0 0 2(1.2) 0 0 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 0 0 
EKG Abnormalities 0 1(1.4) 0 1(0.6) 0 0 
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DOSE q4h 
Number of Patients (%) 
Nimodipine 
0.35 mg/kg 30mg 60 mg 
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Sign/Symptom (n=82) (n=71) (n=4 
Tachycardia 0 1 (1.4) 0 
Bradycardia 0 0 5 (1.0) 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 
Acne 0 1 (1.4) 0 
Depression 0 1 (1.4) 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg q4h, 
30 mg q4h or 120 mg qth. Adverse experiences with an incidence rate of less than 1% in the 60 mg q4h 
dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; anemia; palpita- 
tions; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity; lightheadedness; dizziness; rebound 
vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: itching; 
gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; diaphoresis; con- 
gestive heart failure; hyponatremia; decreasing platelet count; disseminated intravascular coagulation; 
deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on increased 
incidence with higher dose or a higher rate compared to placebo control, included decreased blood “« 
pressure, edema and headaches which are known pharmacologic actions of calcium channel blockers. It 
must be noted, however, that SAH is frequently accompanied by alterations in consciousness which lead 
to an under reporting of adverse experiences. Patients who received nimodipine in clinical trials for other 
indications reported flushing (2.196), headache (4.1%) and fluid retention (0.3%), typical responses to 
calcium channel blockers. As a calcium channel blocker, nimodipine may have the potential to exacer- 
bate heart failure in susceptible patients or to interfere with A-V conduction, but these events were not 
observed 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohydrate 
metabolism have been causally associated with oral nimodipine. Isolated cases of non-fasting elevated 
serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts (0.3%), elevated 
alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been reported rarely. 
OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Symptoms of 
overdosage would be expected to be related to cardiovascular effects such as excessive peripheral vasodila- 
tion with marked systemic hypotension. Clinically significant hypotension due to Nimotop® overdosage 
may require active cardiovascular support. Norepinephrine or dopamine may be helpful in restoring blood 
pressure. Since Nimotop® is highly protein-bound, dialysis is not likely to be of benefit. 


DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarachnoid 
hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral Nimotop® 
therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, a hole 
should be made in both ends of the capsule with an 18 gauge needle, and the contents of the capsule 
extracted into a syringe. The contents should then be emptied into the patient's in situ naso-gastric tube 
and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and Bperaximately doubled C, 
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History of Neurology 


Tremor Studies in 1886 Through 1889 


Edward J. Fine, MD; Emilio D. Soria, MD; Margaret W, Paroski, MD 


€ From biblical times to 1886, tremors 
were partially characterized by patterns of 
activation and associated disease states. 
William Richard Gowers and Frederick 
Peterson devised methods to determine 
the frequencies of the tremors of Parkin- 
son's disease, alcoholism, hysteria, and 
other diseases. Their values concur 
closely with the contemporary ranges of 
4.0 to 7.0 Hz in Parkinson's disease and 
8.1 to 11.0 Hz in chronic alcoholism. This 
review properly credits these authors’ pi- 
oneer investigations made with simple in- 
struments a century ago. 

(Arch Neurol. 1990;47:337-340) 


he Psalmists understood that fear 

caused tremor: "the Lord reigneth, 
let the people tremble."' Shakespeare? 
described activation of senile tremor 
by initiation of movement: "the faint 
defects of age must be the scene of 
mirth; to cough, and spit, and with a 
palsy, fumbling on his gorget, shake in 
and out the rivet."? James Parkinson is 
commonly believed to be the first phy- 
sician to classify tremor. However, he 
cited earlier authors who had delin- 
eated tremors that were produced “by 
attempts at voluntary action" from 
“those which occur whilst the body is 
at rest. 

Until the publications by William 
Richard Gowers in England and Fred- 
erick Peterson in the United States, 
almost nothing was known about the 
physiology and frequency of tremors. 
Gowers published the first clear trac- 
ings of the tremor patterns of alco- 
holic, hyperthyroid, parkinsonian, and 
hysterical patients in 1886.*5»»9»*101» 
Peterson presented records of the fre- 
quency, amplitude, and activation pat- 
ters of various tremors.’ We can com- 
memorate the centennial of Peterson's 
ground-breaking paper by recounting 
their lives and works. 
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THEIR LIVES AND WORKS 


William Richard Gowers was born 
March 20, 1845, in his father's cobbler 
shop in Hackney, England. Gowers 
overcame the early death of his father 
through the help of his village vicar, 
who found a scholarship for him. At 
age 17 years, Gowers was apprenticed 
for 2 years to Dr Thomas Simpson, a 
general practitioner.‘ 

Gowers received formal medical ed- 
ucation at University Hospital Col- 
lege, London, England, from 1863 to 
1867 and was awarded the MD degree 
with a Gold Medal from the University 
of London in 1870. 

Gowers was the first registrar of the 
National Hospital for Nervous and 
Mental Diseases at Queen Square, 
London, in 1870. He practiced there 
until shortly before his death. 

Gowers distinguished himself early 
in his career by becoming the first 
neurologist to correctly localize an in- 
terspinal tumor that was totally extir- 
pated by Victor Horsley.’ Lucid 
sketches of patients drawn by him and 
definitive descriptions of disease 
earned the accolade of “The Bible of 
Neurology” for Gowers’ A Manual of 
Diseases of the Nervous System.’ Go- 
wers recorded immensely detailed his- 
tories in shorthand rapidly.’ He coined 
the terms knee jerk and myotatic 
reflexes.* He first described the behav- 
ior of patients with myopathy who rise 
from the sitting position by initially 
resting on their hands and knees and 





en: 


Fig 1.—William Richard Gowers (circa 1901). 





then climbing up on their legs.° Gowers 
summarized his experience in treating 
over 1500 cases of epilepsy in Epilepsy 
and Other Convulsive Disorders, Their 
Causes, Symptoms and Treatment, 
published in 1881. 

Gowers died on May 4, 1915, of a dis- 
ease he had described as "ataxic para- 
plegia," which according to his dear 
friend, Sir William Osler, was proba- 
bly subacute combined degeneration. 
Perhaps the premature aging evident 
in a photograph taken around 1901 
(Fig 1), may have been due to that dis- 
ease. The decline in his health was also 
attributed to sciatica.’ 

Frederick Peterson was born in 
Fairbault, Minn, on March 1, 1859, but 
left there upon the separation of his 
parents and grew up in Sioux City, 
Iowa. Beginning at age 14 years, Peter- 
son would rush from his high school 
classes to assist a general practitioner 
with house calls.* Dr Knott, impressed 
with Frederick’s intelligence, invited 
him to learn bedside medicine. 

At age 17 years, Peterson entered 
the University of Buffalo (NY) Medical 
Department. He had selected Buffalo 
in order to be near his mother, who was 
a concert pianist and music teacher. 
Peterson distinguished himself by 
graduating at age 20 years with high 
honors.’ Because of his youth he was 
not granted a diploma until he became 
21 years old. After internship at the 
Buffalo General Hospital, he studied 
pathology with von Recklinghausen 
and Axel Key and physiology with 


Fig 2.—Frederick Peterson in 1902. 
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Ludwig. Returning to Buffalo from 
Europe, he was appointed lecturer in 
1883 and Professor of Pathology in 
1884. His first published article de- 
scribed the autopsy in puerperal sep- 
ticemia.* 

To the complete surprise of his 
friends and professional colleagues, he 
abruptly announced in 1885 that he 
would become a neuropsychiatrist, 
abandoning a promising career as a 
pathologist. His motive may have been 
empathy for his uncle, a minister who 
suffered from schizophrenia? At the 
Hudson State Hospital, Poughkeepsie, 
NY, he introduced humane methods of 
treatment for acutely psychotic 
patients.’ During this period of train- 
ing and later practice, he contacted 
William Pyror Letchworth, a Buffalo 
industrialist and philanthropist. Mr 
Letchworth, the President of the New 
York State Board of Charities, regu- 
larly inspected state-supported men- 
tal hospitals to eliminate harsh thera- 
pies. He wrote a book advocating 
pleasant, parklike surroundings and 
occupational therapy for the insane.’ 
He probably encouraged Peterson to 
make a European bicycle tour to many 
of the leading institutions, including 
the Bethel Colony for Epileptics at 
Bielefield, Germany.* 

In 1885, while a staff psychiatrist at 
the Hudson State Hospital in Pough- 
keepsie, he began the study of tremor 
and published his results in 1889.5 He 
moved to New York City in 1888 to col- 
laborate with Bernard Sachs on a 
"Study of Cerebral Palsies of Early 
Life." He resided in New York City 
until his death in 1938.5 During sab- 
batical leave in 1905 in Zurich, Swit- 
zerland, Peterson and Carl Jung estab- 
lished the principles of measuring skin 
resistance and respiratory rates in 
normal subjects and patients afflicted 
with schizophrenia at rest and during 
psychological stress. They correctly 
predicted that their methods would be 
used for the detection of lying." 

Peterson made several significant 
contributions to  epileptology. Mr 
Letchworth and he successfully lob- 
bied the state legislature to construct 
America's first comprehensive epi- 
lepsy center at Sonyea, NY, complete 
with a neuropathology laboratory 
based on the model they separately 
observed at Bielefield, Germany." 
Peterson was appointed President of 
the Board of Managers of the Craig 
Colony in 1895.'° His published obser- 
vations of patients in that institution 
urged physicians to treat epileptics 
with smaller doses of bromides, obvi- 
ating the torpor and acne caused by the 
excessive amounts of bromides com- 
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Myographic tracings of various forms of tremor, taken directly from the moving parts. 


educed to one half.* 


1. Tremor after hemiplegia; very fine, rather irregular, 
2-6. Paralysis agitans; 2 and 3, very fine tremor; 3, 4, 5, coarse tremor, 
7. Insular sclerosis; very irregular in range, although regular in time. 


8, General paralysis of the insane. 
9. Hysterical tremor. 





Fig 3.—A summary sketch of Gowers’ myograms from A Manual of Diseases of the Nervous 


System.*00n 


monly prescribed." He was a founding 
member and the second President of 
the National Association for the Study 
of Epilepsy and the Care of Epileptics. 
He expressed in his presidential ad- 
dress the modern view of the roles of 
alcoholism, birth trauma, and heredity 
in epileptogenesis' (Fig 2). 

Peterson's accomplishments in psy- 
chiatry were extensive and began soon 
after he was appointed Professor of 
Clinical Neurology in 1901 at the Col- 
lege of Physicians and Surgeons, New 
York, NY. He supervised Allen Starr's 
neurology clinies at Columbia Univer- 
sity. He became the first professor of 
Psychiatry at the College of Physi- 
cians and Surgeons.* 

His association with Carl Jung 


greatly influenced the promulgation of 
psychotherapy in America. The impe- 
cunious A. A. Brill was supported by 
Peterson while in Zurich, Switzerland, 
and later in New York City. Peterson 
referred many of his neurotic patients 
to Brill for psychotherapy, affording 
Brill income. Peterson’s influence sup- 
ported Brill’s enthusiasm for psycho- 
analysis, despite the widespread an- 
tipathy for this treatment in America 
at that time.’ Personally, Peterson was 
skeptical about some of the claims of 
the efficacy of psychotherapy.* 
Peterson’s views of mental illness as 
a preventable disorder led him to form 
with Emmett Holt, MD, the Child 
Health Organization of America. This 
organization introduced health educa- 
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Fig 4.—The Edwards sphygmograph. The 
sharpened wire stylus inscribes perturbations 
onto blackened paper traveling under the roll- 
ers. 


tion to the public school curriculum. 
Children were taught about diet, exer- 
cise, and proper sleep habits. 

He raised funds and directed the ar- 
chitects of the New York (NY) Neuro- 
logical Institute.’ The last years of his 
life were painful owing to oral carci- 
noma induced by cigar smoking. He 
died on July 9, 1939, of complications 
from carcinoma of the base of the 
tongue. 

One of Peterson's four volumes of 
poetry, written under the pseudonym 
of Pai Ta Shun, was so well crafted 
that critics believed it was written by 
a Chinese person fluent in English. The 
following stanza of Peterson's poetry 
was recited by Sachs as a eulogy: 


In place of petals of the peach 
Past drifts the yellow leaf 

And looking in the lotus pond 
I see one face of grief . . * 


Both men had immense inner 
strength, overcoming the deleterious 
dissolution of their families. Both were 
befriended by kindly general practi- 
tioners who recognized their intelli- 
gence and taught them medicine.** 
Each had remarkable artistic talent; 
Gowers’ etching had been displayed at 
the Royal Academy in London.’ Peter- 
son’s poems had been set to music; one 
was a popular song.’ Peterson’s chap- 
ters in Nervous and Mental Diseases 
were as fresh and replete with original 
observations as distinguished Gowers’ 
A Manual of Diseases of the Nervous 
System. 
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Fig 5.—Peterson's myographs. Note that each panel represents 10 seconds of recording. 


EQUIPMENT AND METHODS 

Gowers attached a metal rod to the 
tremoring part and then positioned 
the sharpened end of the rod to “trace 
alineonarevolving drum covered with 
(smoke) blackened paper."4»99*1015 He 
studied patients afflicted with paraly- 
sis agitans (Parkinson's disease), in- 
sular sclerosis (multiple sclerosis), 
general paresis of the insane (menin- 
govascular syphilis), and hysteria 
(Fig 3). 

Peterson used the Edwards sphyg- 
mograph to record tremor (Fig 4). The 
Edwards sphygmograph was origi- 


nally designed to record pulses, but 
"possessed highest qualities of me- 
chanieal precision and sensitivity" 
available at that time. The tracing 
needle and its adjustments "[were] all 
in jewelled bearings."5 Peterson placed 
the cup-shaped plunger on the trem- 
oring part, and internal levers trans- 
mitted the perturbations to the pen 
writer, which inscribed the recording 
paper. Inspection of Fig 4 reveals a box 
containing a spring motor that drove 
gears. The gears turned rollers to 
guide the moving recording paper. The 
lever disengaged the gear train from 
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Comparison of Gowers’ and Peterson's Data With Contemporary Analyses of Tremor 

























































































































































the rollers to terminate recording. The 
tracing needle scratched the perturba- 
tions onto the recording papers. Peter- 
son recorded parkinsonian tremors at 
rest and in action (Fig 5), and patients 
with morbus basedowii (hyperthy- 
roidism), hysteria, delirium tremens, 
and chronic alcoholism (Fig 5). 


COMMENT 


Gowers' and Peterson's analyses of 
frequency amplitude and activation 
are compared with various modern 
studies in the Table. Their data show a 
remarkable concurrence with contem- 
porary methods that record electro- 
myographic bursts. 

Gowers and Peterson observed that 
the coarser tremors are generally 
slower in frequency than fine tremors 
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Frequency, 
Disease Hz Amplitude Rhythm Activation Source, y 
Hysteria 4.0-9.0 Fine Irregular Action attention — Gowers, *(PP1905-1308) 
to tremor, 1888 
passive 
movement 
7.6-7.8 Fine Irregular Action Peterson,® 1889 
7.0-12.0 Fine Irregular Action Rondot and Bathien,'* 
1976 
Alcohol 8.1-11.0 Fine Irregular Action Gowers, “(??12801269) 
intoxication 1888 
8.5-11.2 Fine Irregular Action Peterson,? 1889 
8.0-12.0 Fine Irregular Action Lefebvre-D'Amour et 
al," 1978 
6.0-8.0 Coarse Irregular Action Lefebvre-D'Amour et 
al," 1978 
Delirium tremors 5.6-6.8 Moderate Regular Action Peterson,* 1889 
8.3-9.7 Moderate- No data Action Lefebvre-D'Amour et 
coarse al," 1978 
Hyperthyroidism 8.0-9.5 Often Regular Action Gowers, “°'?° 1888 
coarse 
8.7-12.0 Fine Regular Action Peterson,’ 1889 
8.0-12.0 Moderate- Regular Action Shahani and Young, "° 
coarse 1973 
Parkinson's 4.8-7.0 Fine Regular Rest, rare Gowers, (0995019 1888 
disease action 
5.0-5.4 Coarse Regular Rest, occasional Peterson,® 1889 
action 
3.7-5.6 No data Regular Rest, mental Rondot and 


arithmetic Bathien,'^ 1976 





and voluntary movements "stop the 
tremors for a few seconds or for many" 
in Parkinson's disease. Gowers also 
described that some patients with Par- 
kinson's disease exhibit 5- to 7-Hz 
tremors at rest and more rapid trem- 
ors on voluntary movement.* Gowers' 
and Peterson’s myograms of hysterics 
depict the great variations in ampli- 
tude and frequency we recognize today 
(Figs 3 and 5). Gowers succinctly de- 
scribed the delayed activation of the 
hysterical tremor appearing several 
minutes after the arm or leg is main- 
tained in a position as “sometimes 
induced by attention and when the 
mind is diverted the tremor may 
cease, *pp1305-1306) 

Gowers’ myograms are smoother 
than Peterson’s due to the higher fre- 
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quency responses of Peterson’s jew- 
eled apparatus, which reduced inertia. 
Peterson astutely concluded that the 
“origin of the tremor of fear is in the 
cerebral cortex” and “all other trem- 
ors must be intermittent motor im- 
pulses from the gray matter of some 
portion of the central nervous sys- 
tem.” 

Gowers’ observations confirmed 
that the tremor of Parkinson’s disease 
“is an alternating contraction in op- 
posing muscles, causing a rhythmical 
movement of the parts to which they 
are attached. It is usually greatest in 
the hands and fingers, partly from the 
contraction of the forearm muscles, 
partly from that in the interossei; the 
latter causes a movement of the fin- 
gers at the metacarpo-phalangeal 
joints similar to that by which Orien- 
tals beat their small drums.” In the 
legs the tremor is “greatest in the 
muscles moving the ankle joint, and 
the heel may beat the floor as the pa- 
tient is sitting.” “The great character- 
istic of the tremor of paralysis agi- 
tans is that it continues during 
rest, ”4Pr995-1013) 

Although neither author had oppor- 
tunity to record and analyze electro- 
myographic bursts related to tremors, 
Gowers and Peterson had determined 
the correct frequency of Parkinson’s 
disease tremors at 4 to 7 Hz and of 
chronic alcoholism at 8 to 11 Hz.*° 
Their analysis of the activation of 
tremors has been reconfirmed. This 
article should encourage contempo- 
rary investigators of movement disor- 
ders to credit and honor Gowers and 
Peterson for their original and accu- 
rate observations made with simple 
instruments a century ago. 
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The Use of Sensory Action Potentials in the 
Diagnosis of Peripheral Nerve Disease 


Jeremy M. Shefner, MD, David M. Dawson, MD 


@ We review the different measure- 
ments that can be derived from recordings 
of compound sensory action potentials, 
and describe how less commonly mea- 
sured aspects may be of use in clinical sit- 
uations. In addition to the frequently ob- 
tained maximum conduction velocity and 
amplitude, minimum conduction velocity 
may be measured if near nerve electrodes 
and response averaging are used. Mini- 
mum conduction velocity is a sensitive 
measure of both axonal and demyelinating 
peripheral nerve pathology. Activity-de- 
pendent conduction is another aspect of 
sensory conduction that may provide ad- 
ditional information for the clinician. Re- 
fractory period of transmission has been 
used to diagnose subtle demyelinating le- 
sions, as well as some axonal disorders. 
Supernormal period and the conduction of 
trains of stimuli may also be useful, al- 
though, at present, they remain predomi- 
nantly research tools. 

(Arch Neurol. 1990;47:341-348) 


(Compound sensory action potentials 
(CSAPs) have been recorded from 
the nerves of humans since the late 
1950s. The study of CSAPs has 
yielded valuable information regard- 
ing the normal function of human pe- 
ripheral nerve, as well as providing a 
sensitive measure of dysfunction in 
many disease states. This article dis- 
cusses the properties of CSAP that 
make it a useful clinical tool. The first 
part of the article focuses on the clin- 
ical neurophysiology of the CSAP from 
normal nerve, followed by description 
of how diseases of peripheral nerves 
can affect the different properties of 
the CSAP as discussed previously. 
The recording of CSAPs represents 
a major part of the nerve conduction 
study typically performed in the clin- 
ical laboratory. Compound motor ac- 
tion potentials are also recorded; they 
are technically easier to record be- 
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cause of their much larger amplitudes, 
as well as their correlation with a vis- 
ible muscle twitch. Despite the greater 
difficulty in recording them, however, 
CSAPs offer several advantages over 
motor responses. When recording 
from sensory fibers, the amplitude of 
the evoked response is a fairly direct 
function of the number of large fibers 
being stimulated. In contrast, the in- 
nervation ratio of motor axons 
changes with different disease states; 
for example, diseases causing chronic 
denervation are also associated with 
collateral sprouting and an increase in 
the size of individual motor units. The 
amplitude of the compound motor ac- 
tion potential may therefore be pro- 
portionately less reduced than the 
diminution of functional motor axons. 

Another advantage of CSAPs is that 
they are obtained by stimulation and 
recording of the same nerve at differ- 
ent locations, so that conduction veloc- 
ity may be directly calculated from re- 
sponse latency. In contrast, an evoked 
muscle response is obtained by stimu- 
lation of a nerve and recording of the 
response of the muscle onto which it 
synapses. Therefore, the latency from 
stimulus onset to motor response in- 
cludes the transit time from the stim- 
ulus site to the axon terminals plus the 
time of synaptic transmission, making 
a determination of motor conduction 
velocity impossible unless a second 
stimulus location is used. 

Within a mixed nerve, axons of al- 
pha motor neurons make up only a 
small fraction of the fiber population. 
While only about 200 motor axons 
must be activated to produce a supra- 
maximal response in the hand mus- 
cles, a supramaximal median nerve 
response from stimulation of digit 2 
involves the activation of about 2000 
large myelinated sensory fibers? As a 
result of the fact that many fewer 
fibers produce the motor response, es- 
timates of the maximal conduction ve- 
locity of a motor nerve are based on the 
velocity of only a few motor fibers. In 
contrast, judgments of maximum con- 
duction velocity in a sensory nerve are 
based on the summated response of a 
significantly larger number of fibers. 
Therefore, a subtle abnormality that 
affects conduction in a small propor- 


tion of nerve fibers will more reliably 
affect the CSAP than the motor re- 
sponse. 


THE NORMAL CSAP 
Recording Considerations 


Needle vs Surface Electrodes.— The 
first studies using CSAPs to aid in the 
diagnosis of peripheral nerve disor- 
ders used surface recording electrodes 
placed directly over the nerve.'?* Soon 
thereafter, Buchthal and coworkers’ 
began an extensive investigation of 
sensory conduction under normal and 
pathological conditions. Using insu- 
lated needle electrodes with a 3-mm 
bared tip placed 0.5 to 1.0 mm from the 
nerve, they recorded responses with a 
signal-to-noise ratio much improved 
over surface electrodes. The use of 
needle electrodes and the development 
of electronic averaging techniques al- 
lowed for the recording of responses 
that were as small as 0.01 to 0.05 uV. To 
obtain a signal-to-noise ratio that al- 
lowed for recording responses this 
small, 2000 to 4000 responses often had 
to be averaged. 

Both surface and near nerve needle 
recording techniques continue to be 
used today. In the United States, sur- 
face electrodes are used more fre- 
quently, both because they are toler- 
ated more easily by patients and be- 
cause surface conduction studies are 
easier and faster to perform. As we 
describe in later sections, however, 
this increased ease and comfort comes 
at a cost of significantly less informa- 
tion that can be obtained. 

Antidromic vs Orthodromic Record- 
ing.—The amplitude of CSAPs from 
nerves in the lower extremity is often 
small, and the orthodromic response 
may be buried in noise unless the 
responses to many stimuli are aver- 
aged. However, when a nerve is stim- 
ulated proximally and potentials are 
recorded with ring electrodes around a 
digit (antidromic recording), the am- 
plitude of the CSAP is significantly 
larger than the orthodromic response. 
The primary reason for this is the 
proximity of the digital nerves to the 
skin surface, as compared with the 
relatively deeper proximal nerves. 
Additionally, the temperature of the 
digits is usually lower than proximal 
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temperatures, which will result in a 
larger evoked potential”: Using an- 
tidromic techniques, a CSAP can be 
recorded from lower extremity nerves 
in most normal subjects??!*; especially 
for nerves of the lower extremity, an- 
tidromic recording is the most com- 
mon recording technique. 

There are significant disadvantages, 
however, to antidromic recording. 
When sensory potentials are recorded 
from a mixed motor/sensory nerve, a 
strong stimulus produces a motor re- 
sponse that will be volume conducted 
to the digit. In normal nerve tissue, the 
motor response is slower than the sen- 
sory, so that a clear CSAP can be seen. 
In cases of abnormal sensory conduc- 
tion, however, the sensory response 
may be conducted slowly enough that 
it is buried in the motor response. 
Other disadvantages include a greater 
variation of CSAP amplitude with 
changes in temperature”? or sex." 
When orthodromic and antidromic 
conduction is compared across the 
same segment of nerve, the average 
conduction velocity is the same, but the 
variability of the antidromic conduc- 
tion velocity is greater.‘ 


Properties of the Normal Sensory Action 
Potential 


Amplitude and Maximum Conduction 
Velocity.—In normal subjects using 
surface recording electrodes, a CSAP 
can be recorded from a number of 
nerves in both the upper and the lower 
extremities. The latency of the re- 
sponse is taken to be the time from 
stimulus onset to the initial positive or 
negative peak of the potential, and 
maximum conduction is calculated by 
dividing the distance between stimu- 
lating and recording electrodes by the 
response latency. This measure of con- 
duction velocity clearly does not rep- 
resent conduction of the majority of 
nerve fibers that make up the CSAP, as 
the bulk of the response occurs after 
the minimum latency. Instead, this 
measure reflects the synchronous con- 
duction of a few large-diameter, and 
therefore fast-conducting, sensory fi- 
bers being excited. Nevertheless, it is 
this number that has been used as an 
index of conduction velocity of the en- 
tire sensory nerve. 

Within a given limb in normal sub- 
jects, maximum conduction velocity is 
approximately the same for all nerves. 
Thus, in the lower extremity, proximal 
conduction velocity in the peroneal, 
sural, and tibial nerves was found to be 
equal, with only small differences seen 
when distal conduction was studied." 
Similarly, orthodromic median and 
sensory conduction was of identical 
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Median Nerve 
Stimulus: DIII 
Receiving: Wrist 


0.125 uV 
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A near nerve recording of a compound sensory action potential (CSAP) from the median nerve of 
a patient with axonal neuropathy. Digit 3 was stimulated with ring electrodes, and the response 
to 512 and 1024 stimulus presentations was recorded with needle electrodes at the wrist. In the 
lower tracing, the portion of the CSAP for which the amplifier was overloaded has been deleted. 
Maximum conduction velocity is derived from the latency of the first positive peak (first arrow). 
Minimum conduction velocity is derived from the latency to the last positive peak that reliably in- 
creases in amplitude with increased number of stimulus repetitions (second arrow). Amplitude is 
measured as the maximum peak-to-peak variation. For this patient, maximum conduction velocity 
and amplitude are significantly reduced, but minimum conduction velocity is within normal limits. 


velocity in median and ulnar nerves* In 
general, maximal sensory conduction 
velocity in the legs is about 8 m/s 
slower than in equivalent segments in 
the arms.*??* 

Normal sensory conduction velocity 
varies significantly according to age. 
In the ulnar nerve, velocity increases 
from 20 m/s at 33 weeks gestation to 33 
m/s at 1 month of age to 53 m/s at 4 
years.*'’ Conduction velocity reaches 
its maximum at between 5 and 8 years, 
reflecting a completion of peripheral 
nerve myelination and an increase in 
the numbers of large sensory fibers. 
From this age to young adulthood, 
maximum conduction velocity remains 
constant, then begins a gradual linear 
decline. In the upper extremities, ve- 
locity decreases from 1 to 3 m/s per 
decade;* with lower extremity 
nerves decreasing at a rate of about 1 
m/s per decade." The cause of this 
age-dependent decrease in conduction 
velocity is not completely known; how- 
ever, one factor that may contribute is 


the increase in the variability in the 
distance between successive nodes of 
Ranvier that is seen in sensory nerves 
from elderly patients. In addition, 
there is an increase in the proportion 
of large fibers with regular, but short, 
internodal distances." Variability in 
internode distance may reflect seg- 
mental demyelination-remyelination, 
while the large fibers with short inter- 
node distances probably are a product 
of axonal regeneration. 

Skin temperature also affects the 
conduction velocity of sensory nerves. 
From 21? to 36°C velocity increases 
linearly at a rate of 2 to 3 m/s per 
degree.*! Thus, median nerve con- 
duction velocity varies from ap- 
proximately 32 m/s at 23°C to 57 m/s 
at 36°C. Obviously, control of temper- 
ature is necessary before conduction 
velocity can be interpreted. Some elec- 
tromyographers measure surface skin 
temperature over the nerve being 
stimulated, and correct their obtained 
velocities to what would be seen at 
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36°C. However, this method relies on 
the assumption that temperature is 
uniform over the entire segment of 
nerve being tested, a condition that is 
probably not often met. For this rea- 
son, the preferred technique is to use a 
feedback-controlled heating system to 
bring the temperature of the limb be- 
ing studied to a constant temperature 
sothat studies obtained within a single 
laboratory may be compared. 

Another factor that will affect the 
amplitude and shape of the CSAP is 
placement of electrodes. When surface 
electrodes are used, they are usually 
placed longitudinally along the nerve 
with the recording cathode closest to 
the stimulus. This is called bipolar re- 
cording; the CSAP recorded with this 
electrode configuration will be an ad- 
ditive combination of the response re- 
corded by each electrode as the action 
potential passes underneath. Both the 
shape and the amplitude of the re- 
sponse will be functions of interelec- 
trode distance and conduction velocity. 
When needle electrodes are used, they 
are usually arranged in a unipolar 
configuration; the recording cathode is 
placed close to the nerve, while the an- 
ode is placed subcutaneously some dis- 
tance away. With unipolar recording, 
the shape of the CSAP is more reliably 
triphasic with an initial positive peak‘; 
the minimum latency of the response 
is measured to this point. Bipolar re- 
cordings of CSAPs may have small or 
absent initial positivity, and the la- 
tency may be measured instead to the 
first negative peak. 

The other aspect of the CSAP that is 
most commonly measured is the am- 
plitude of the evoked potential. This is 
usually measured from the initial pos- 
itive peak to the maximum negative 
deflection. Normal values have been 
established for different nerves, as was 
the case for maximum conduction ve- 
locity (see reference 19 for normal val- 
ues). Amplitudes of CSAPs also de- 
crease with age; however, the variabil- 
ity of amplitude is much greater than 
that of velocity. As an example, the 
mean amplitude of the CSAP of the 
ulnar nerve in 18 to 25 year olds with 
stimulation of digit 5 is 11 «V, with an 
SD of 5 uV, or 45% of the mean. In 
contrast, the mean conduction velocity 
is 63 m/s with an SD of 7 m/s, or 11% 
of the mean.° This large variability in 
normal amplitudes limits the conclu- 
sions that can be drawn from all but 
very large amplitude differences. The 
cause of the variability of CSAP am- 
plitude is multifactorial. One impor- 
tant reason is anatomic variability in 
the number of myelinated sensory fi- 
bers from person to person. In the 
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sural nerve, for example, the number 
of large myelinated fibers varied be- 
tween 1600 and 3400 in a control 
population.? Additionally, amplitudes 
will vary as a function of electrode 
proximity to the nerve whether needle 
or surface electrodes are used. For 
surface electrodes, variation in subcu- 
taneous tissue between skin surface 
and the nerve is an important factor, 
while amplitude in needle studies is 
closely dependent on the geometric re- 
lationship between needle tip and the 
nerve trunk. Using needle electrodes, 
the SD of amplitudes within a single 
subject who was repetitively tested 
can be reduced to 20% to 30% of the 
mean, still much more variable than 
velocity measurements. 

Minimum Conduction Velocity.—As 
noted earlier, measuring maximum 
conduction velocity of a CSAP gives 
information about the speed of con- 
duction of only a few large-diameter 
fibers. However, there are more than 
6000 myelinated sensory fibers in the 
sural nerve, and 25000 in the median 
nerve.*5 Clearly, a measure that took 
the conduction properties of more of 
these fibers into account would be de- 
sirable. One way of assessing the con- 
duction of slower fibers is to try to de- 
termine the end of the sensory action 
potential, and to derive a minimum 
conduction velocity from that value. 
Such a measure depends greatly on the 
resolution and gain of the recording 
system. If the responses to a small 
number of stimulus repetitions are 
averaged, the conduction velocity of 
the fibers that make up the end of the 
main component of the CSAP is about 
30 m/s, which corresponds to fibers 
about 7 um in diameter.???! Since the 
majority of myelinated fibers are 
smaller than this diameter, that 
means that the conduction of most 
sensory fibers plays no role at all in 
conduction studies as they are usually 
performed. 

To address this problem, Buchthal 
and coworkers‘ developed a method for 
studying the conduction of fibers as 
small as 4 um in diameter. Using near 
nerve needle electrodes and averaging 
the responses to up to 1000 to 2000 
stimulus repetitions, they were able to 
record components occurring after the 
main component of the CSAP conduct- 
ing at rates as slow as 15 m/s in nor- 
mal subjects, and even slower in pa- 
tients with neuropathy.29!^142225 Ag we 
show later, the primary advantage of 
measuring these slow components of 
the CSAP is that they provide a sensi- 
tive measure of segmental demyelina- 
tion or axonal regeneration that may 
be the earliest objective sign of neur- 


opathy. 

The Figure shows an example of a 
median nerve sensory action potential 
from a patient with an axonal neurop- 
athy recorded using needle electrodes. 
Amplitude of the CSAP, maximum 
conduction velocity, and minimum 
conduction velocity are measured as 
described in the legend. 

Activity-Dependent Conduction.— 
Other properties of compound action 
potentials may provide clues to subtle 
clinical abnormalities. An aspect of 
peripheral nerve function that is not 
usually investigated is activity-depen- 
dent conduction, that is, the response 
of the nerve to either pairs or trains of 
stimuli presented at varying rates. 
Most well known of the activity-depen- 
dent measures are the absolute refrac- 
tory period (ARP) and relative refrac- 
tory period (RRP). If a neuron is either 
physiologically or artificially stimu- 
lated to produce an action potential, 
thereis a short period of time after the 
action potential during which the neu- 
ron is electrieally inexcitable. This is 
called the ARP, and lasts about 0.5 to 
0.7 milliseconds in humans. The 
mechanism for this period of inexcit- 
ability is thought to be related to inac- 
tivation of the inwardly directed so- 
dium currents that are responsible for 
the depolarizing phase of the action po- 
tential. When the ARP ends, there is 
a period of relative inexcitability last- 
ing about 3 milliseconds. During this 
time, the axon can be stimulated to 
produce an action potential, but its 
threshold is higher; that is, more elec- 
trical current is required to initiate the 
action potential than is necessary at 
baseline. This period is the RRP. 

In clinical testing, an entire nerve 
bundle is stimulated supramaximally 
at one location and the response is re- 
corded at a point remote from the 
stimulus. The ARP of the nerve bundle 
is the interval after a stimulus within 
which a second supramaximal stimu- 
lus will not cause a response to be 
transmitted to the recording electrode. 
Unlike the refractory period of a single 
axon, which is a function only of local 
excitability changes near the site of 
stimulation, the ARP measured in the 
above manner is also affected by con- 
duction properties between the site of 
stimulation and the recording site. The 
ARP is followed immediately by the 
RRP, during which the response seen 
at the recording site is smaller and of 
longer latency than the response to a 
single stimulus. As interstimulus in- 
terval increases, the response to the 
second stimulus increases in ampli- 
tude and conduction velocity until it is 
identical to the response to the initial 
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stimulus. As we discuss later, abnor- 
malities in RRP may be seen in gener- 
alized neuropathies or in focal nerve 
lesions. In the case of a focal lesion, the 
stimulus pair can be presented on one 
side of the lesion and the response re- 
eorded on the other side; measures of 
refractoriness in this situation are 
called refractory periods of trans- 
mission.” 

If instead of supramaximal stimuli, 
pairs of stimuli are presented that 
evoke a less than maximal response, a 
period of heightened excitability can 
be demonstrated after the RRP. This 
period is called the supernormal pe- 
riod, and is seen with interstimulus 
intervals between about 4 and 20 
milliseconds.?*??'2? During this period, 
the thresholds of individual nerve fi- 
bers are reduced by 10% to 20%, so 
that a submaximal stimulus will cause 
the firing of a higher proportion of fi- 
bers than it would otherwise. If a 
supramaximal stimulus is used, such a 
change in threshold would go unno- 
ticed as all fibers have been activated 
by the stimulus. 

The cause of the supernormal period 
has been investigated in animal mod- 
els, and has been shown to be related to 
a long-lasting change in nerve mem- 
brane potential called the depolarizing 
after potential"? which lasts about 20 
milliseconds after a stimulus. During 
the depolarizing after potential evoked 
by a single stimulus, thresholds for in- 
dividual nerve fibers are reduced, so 
that a second stimulus occurring dur- 
ing the depolarizing after potential 
may produce a larger CSAP. The mag- 
nitude of the depolarizing after poten- 
tial is altered by activity of the meta- 
bolically active sodium-potassium ex- 
change pump present in all neurons, as 
well as a capacitive discharge across 
the nerve membrane?" Anything 
that alters the capacitive properties of 
the nerve membrane, for example, de- 
myelination, can be expected to be re- 
flected in the supernormal period. 

In addition to looking at the re- 
sponse of a nerve to the second stimu- 
lus of a pair, it has also proved useful 
to present trains of stimuli, and to 
measure changes in the response as a 
function of stimulus frequency. Under 
physiologic conditions, axons transmit 
action potentials at rates considerably 
above 100 impulses per second, so one 
would expect that a nerve would have 
no difficulty in following stimulus 
trains of that rate. For short stimulus 
trains, many studies in both animals 
and humans have demonstrated little 
or no impairment in conduction at 
stimulus rates of up to 200 stimuli per 
second.*? 2? However, just as was the 
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case for the supernormal period, a 
rapidly firing axon is more dependent 
on the integrity of its myelin sheath 
than when it fires in response to a sin- 
gle stimulus. 


THE CSAP IN DISEASED NERVE 
Abnormalities in Maximum Conduction 
Velocity and Main Component Amplitude 


Generalized diseases of nerve dis- 
rupt conduction in a limited number of 
ways. Most commonly, the site of pa- 
thology is the axon or cell body of the 
nerve fiber itself. Axonal damage can 
be caused by infiltration by infectious 
particles, toxins, metabolic deficien- 
cies, autoimmune attack, or other 
mechanism. If an axon has died or 
stopped functioning, it plays no role in 
conduction studies, so that measures 
of amplitude or maximal conduction 
velocity are determined by the remain- 
ing functional fibers. If these are func- 
tioning normally, conduction velocity 
may remain normal or near normal 
even though many fibers are not viable. 
The amplitude of the evoked response 
should, however, reflect a reduced 
number of activated nerve fibers. Thus, 
the most common pattern of results in 
an axonal neuropathy is normal or 
slowed maximal conduction velocity 
with reduced amplitude of the evoked 
CSAP. 

The other major site of pathology 
for peripheral nerve disease is the my- 
elin sheath. At most, demyelinating 
neuropathies make up 10% to 15% of 
the neuropathies commonly encoun- 
tered in clinical practice. The electro- 
physiologic properties of demyeli- 
nated nerve depend on many factors, 
including speed of the pathologic pro- 
cess, as well as the site. In chronic de- 
myelinating neuropathies such as he- 
reditary hypertrophic sensory motor 
neuropathies, the electrophysiologic 
hallmark is markedly reduced conduc- 
tion velocity with variable amplitude 
of the evoked response. 

In acute lesions, a demyelinated 
nerve fiber may not conduct action po- 
tentials at all, as the nerve membrane 
under the myelin sheath does not have 
the required voltage-dependent ionic 
channels to sustain action potential 
propagation. If the demyelination is 
patchy, as is true in many cases, seg- 
ments of a nerve may conduct action 
potentials normally, while others may 
be totally inactive. This process under- 
lies the phenomenon of conduction 
block, where conduction over short 
stretches of nerve may appear normal, 
but the evoked response measured over 
longer portions of nerve may be absent 
or of very low amplitude. Thus, de- 
pending on the chronicity and segmen- 


tal nature of the pathologic process, 
both reduction in amplitude of the 
evoked response and slowed conduc- 
tion velocity can signify demyelinating 
disease. 

Demyelinating | Neuropathies.— The 
most commonly encountered demyeli- 
nating neuropathy is that associated 
with the Guillain-Barré syndrome 
(GBS). As suggested in the discussion 
above, electrophysiologic findings in 
this disease may be variable. This most 
distinctive clinical feature of GBS is 
weakness combined with mild or ab- 
sent sensory disturbance. Most elec- 
trodiagnostic studies have therefore 
concentrated on motor conduction 
studies and long latency studies such 
as F responses, which are beyond the 
scope of this article. When both motor 
and sensory studies as well as F re- 
sponses are recorded, electrophysio- 
logic abnormalities can be detected in 
85% to 90% of all patients with clini- 
cally definite GBS. 

When sensory function has been 
studied in GBS, abnormalities in the 
amplitude of the evoked CSAP are seen 
more commonly than reduction in con- 
duction velocity. In one study of 26 pa- 
tients with GBS, sensory action poten- 
tials were absent in at least one nerve 
tested in 58% of the patients; for the 
others, however, conduction velocity 
was normal.” More recently, McLeod” 
investigated sensory conduction in 114 
patients with GBS. Maximum sensory 
conduction velocity was not signifi- 
cantly slowed in either the median or 
ulnar nerves, but amplitude of the 
evoked CSAP was reduced to 37% of 
normal in the median nerve and 25% of 
normal in the ulnar nerve. 

A reduced amplitude of the CSAP in 
the context of a normal conduction ve- 
locity would, at first glance, seem to be 
more consistent with an axonal neur- 
opathy than a demyelinating process. 
However, although the primary lesion 
in GBS is demyelination, secondary 
axonal degeneration commonly oc- 
curs.“ The result of this degeneration 
is that distal sensory conduction may 
be subserved by a relatively small 
number of sensory axons that have not 
been demyelinated, so that the ampli- 
tude of the CSAP may be reduced with 
only mild changes in conduction veloc- 
ity. 

Local conduction block also may ac- 
count for some reduction of amplitude 
of a distally evoked CSAP. Evidence 
for the contention that conduction 
block does occur in GBS can be derived 
from motor conduction studies. In one 
study of 19 patients with GBS, conduc- 
tion block was seen in 68%; in that 
same group, motor conduction velocity 
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was significantly slowed in only 17% of 
tested nerves." Sensory conduction 
block can only be observed if record- 
ings are made from two or more loca- 
tions along a nerve. Since this is rarely 
done in sensory studies, the incidence 
of conduction block in this situation is 
unknown. 

Reduced CSAP amplitude is also 
seen in sensory nerves in chronic in- 
flammatory demyelinating polyradic- 
uloneuropathy. Conduction in motor 
nerves usually reflects the chronic na- 
ture of this disease, with conduction 
velocity usually less than 60% of 
normal.* In 53 patients in whom distal 
sensory conduction was studied, poten- 
tials could not be recorded in most 
cases; when present, conduction veloc- 
ity was near normal, but amplitude of 
the evoked CSAP was reduced.^*^ Just 
as was the case for GBS, the major 
cause of the reduced sensory ampli- 
tude in chronic inflammatory demyeli- 
nating polyradiculoneuropathy is 
probably secondary axonal degenera- 
tion. 

It should be noted from the above 
discussion that the evaluation of sen- 
sory action potentials may not distin- 
guish between an axonal or a demyeli- 
nating neuropathy. The clinical pre- 
sentation often provides important 
information; the acute presentation of 
weakness and areflexia is clearly more 
consistent with GBS than with an ax- 
onal process. However, chronic inflam- 
matory demyelinating polyradiculo- 
neuropathy may present in a manner 
indistinguishable from an axonal neu- 
ropathy. In this case, motor conduction 
studies show either reduced conduc- 
tion velocity or conduction block. Un- 
der those circumstances, the CSAP re- 
sults can be interpreted with ease. 

Demyelinating neuropathies can 
also result from either infectious pro- 
cesses or paraproteinemias. As serum 
- and urine screening tests become more 
commonly used, the frequency of asso- 
ciation between monoclonal gammop- 
athies and peripheral neuropathy has 
become more apparent, with up to 10% 
of patients with idiopathic peripheral 
neuropathy having evidence of a mon- 
oclonal spike.** The paraproteinemias 
most often associated with demyeli- 
nating neuropathy are benign mono- 
clonal gammopathy, Waldenstróm's 
macroglobulinemia, and the osteoscle- 
rotic form of multiple myeloma.^*** 
Many, but not all, patients with these 
disorders have a circulating antibody 
to myelin-associated glycoprotein that 
has been shown to be deposited on 
myelin.* 

Studies of CSAPs in patients with 
these forms of gammopathy have dem- 
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onstrated marked slowing of sensory 
conduction, as well as reduced ampli- 
tude of the CSAP consistent with sec- 
ondary axonal degeneration. Conduc- 
tion velocities as low as 12 m/s have 
been reported in the sural nerve,” with 
other studies reporting an inability to 
obtain CSAPs in either the upper or 
lower extremities.*^ 

Demyelinating neuropathies due to 
other causes produce similar effects on 
the CSAP. These include neuropathy 
associated with infectious disease, 
such as hepatitis B,” Lyme disease,” 
and acquired immunodeficiency syn- 
drome,?*5 as well as neoplastic, 
nutritional" and hereditary neurop- 
athies.* A discussion of the clinical 
characteristics of these entities is be- 
yond the scope of this article. 

Axonal Neuropathies.— The vast ma- 
jority of symmetrical peripheral neur- 
opathies seen by neurologists reflect 
an ongoing process of axonal degener- 
ation. These neuropathies all affect the 
main component of the CSAP in simi- 
lar ways, causing a decrease in the 
amplitude of the CSAP along with 
mild slowing of maximal conduction 
velocity. The decrease in amplitude is 
a reflection of a decrease in the number 
of functional axons due to axonal de- 
generation, while conduction velocity 
will decrease for the same reason; that 
is, a decrease in the number of fastest- 
conducting axons. 

Axonal neuropathies are caused by 
many disease processes, including 
systemic diseases such as diabetes; 
uremia; hepatic failure; vasculitis; 
sarcoid, as well as paraneoplastic, 
processes; toxic/metabolic insults; in- 
fectious disease; and inherited degen- 
erative processes. All of these neurop- 
athies produce the same kinds of 
changes in amplitude and maximum 
conduction velocity of the CSAP, so 
that one is left with an extensive dif- 
ferential diagnosis even after an ax- 
onal neuropathy is documented. In 
fact, the most important result of di- 
agnosing an asymptomatic or subtle 
axonal neuropathy may be to alert the 
clinician to search for an underlying 
Systemic disease. 


Abnormalities in Minimum Conduction 
Velocity 


When near-nerve recording needles 
are used instead of surface electrodes, 
the averaging of the responses to mul- 
tiple stimulus repetitions makes it 
possible to record responses as small 
as 0.05 uV in amplitude. The maximum 
latency of the CSAP is defined as the 
latency of the last component of the 
response that can reliably be distin- 
guished from the background electri- 


cal noise, and minimum conduction 
velocity is derived from this latency. 
As discussed earlier, the minimum 
conduction velocity of most sensory 
nerves is about 15 m/s, which is the 
speed of conduction of myelinated fi- 
bers about 4 um in diameter. As con- 
ventional studies of maximum conduc- 
tion reflect the activity of fibers of 11 
um in diameter or greater, it is easy to 
see why measuring minimum conduc- 
tion velocity gives information not 
otherwise available. 

Minimum conduction velocity pro- 
vides a sensitive measure of two types 
of nerve pathology, demyelination and 
nerve regeneration." Demyelination 
can produce either conduction block or 
slowing of speed of conduction. A gen- 
eralized demyelinating process can 
produce slowed conduction of almost 
all fibers in a nerve; this will produce a 
reduced maximum conduction veloc- 
ity, as well as a reduced minimum con- 
duction velocity. However, processes 
that produce patchy demyelination 
may only affect conduction in a small 
number of fibers; in this situation, the 
only abnormality may be in the pres- 
ence of very small late components of 
the CSAP that will be reflected in a re- 
duction of the minimum conduction 
velocity. 

An example of a chronic demyeli- 
nating disease is the hypertrophic type 
of peroneal muscular atrophy. Both 
maximum and minimum conduction 
velocity are profoundly slowed in this 
disease process, with minimum con- 
duction velocity as low as 4 m/s. 
Compression neuropathies such as id- 
iopathic carpal tunnel syndrome or 
hereditary liability to pressure palsies 
also produce a localized demyelinating 
lesion. Sensory conduction across the 
lesion in carpal tunnel syndrome can 
show slowing of both minimum and 
maximum conduction velocity? 
however, in mild cases, only the mini- 
mum conduction velocity may be af- 
fected. Similarly, hereditary liability 
to pressure palsies produces marked 
slowing in nerves that are clinically 
affected. However, asymptomatic 
nerves show significant slowing in 
minimum conduction velocity with 
only mild abnormalities in the main 
component of the CSAP. 

The assessment of minimum con- 
duction velocity is especially useful in 
the evaluation of axonal neuropathies. 
In many cases, abnormalities in mini- 
mum conduction velocity may be the 
first electrophysiologie sign of neu- 
ronal dysfunction. In one study of 190 
patients with complaints that sug- 
gested the presence of neuropathy, 
more than 25% had abnormally slowed 
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Summary of Sensory Action Potential (SAP) Measurements 











Measurement Fiber Population Clinical Use Difficulty Comment 
SAP Characteristics 
Maximum Small No. of Common Easy Must correct 
conduction large fibers for age, 
velocity temperature 
Peak-to-peak Largest 25% to Common Easy; may Wide 
amplitude 40% of require intersubject 
myelinated averaging and 
fibers intrasubject 
variability 
Minimum Myelinated Uncommon Requires More sensitive 
conduction fibers larger needle to early 
velocity than 4 um electrode, demyelination 
averaging or axonal 
500 to 1000 regeneration 


responses 


Activity-Dependent Measurements 


Relative 
refractory 
period of 
transmission 


Large fibers 


Uncommon 


Of use in 
compressive, 
toxic 
neuropathies 


Noxious to 
patient; 
requires 
sophisticated 
stimulator 





Large fibers 


Supernormal 
period 


Research 


Noxious May show 


subtle 





Large fibers 


Response to 
impulse 
trains 


minimum conduction velocity as their 
only electrophysiologic abnormality.” 
In these patients, slow conducting late 
components of the CSAP probably rep- 
resent regenerating fibers that are the 
result of prior axonal degeneration. 

Minimum conduction velocity also 
can provide some hints regarding the 
pathophysiology of different kinds of 
neuropathy. Some axonal neuropa- 
thies produce degeneration of nerve 
fibers without regeneration. Since ab- 
normal slow components reflect con- 
duction in regenerating fibers, one 
would expect that minimum conduc- 
tion velocity might be normal in these 
cases. Biopsy studies of the neuropa- 
thy associated with alcoholism,” as 
well as that seen in a family with abe- 
talipoproteinemia, have shown a lack 
of regeneration; in both of these dis- 
ease processes, minimum conduction 
velocity is usually normal.*” In con- 
trast, diabetic neuropathy,” as well as 
neuropathies associated with hyper- 
eosinophilic syndrome,“ and some 
forms of mitochondrial disease? show 
morphologic evidence of nerve regen- 
eration in concert with ongoing degen- 
eration. In these neuropathies, mini- 
mum conduction velocity is often ab- 
normally slowed, and sometimes may 
be the first electrophysiologic marker 
to be noted. 


Abnormalities in Activity-Dependent 
Conduction 


Refractory Period.—As discussed 
previously, the refractory period of a 
nerve bundle is a measure of the rate 
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Research 


demyelination 
or axonal 
abnormalities 


Noxious 





of recovery of excitability and conduc- 
tability of the nerve after presentation 
of a supramaximal stimulus. The ARP, 
or time for which nerve transmission 
is completely abolished after a stimu- 
lus, is short, and has not proved a sen- 
sitive index of nerve pathology. How- 
ever, RRP has been shown to be a use- 
ful measure of subtle sensory nerve 
dysfunction. 

Although usually thought to reflect 
demyelination, RRP may be abnormal 
in metabolie diseases that cause ax- 
onal dysfunction. In diabetes, RRP was 
studied in patients with and without 
clinical signs of neuropathy.” Even in 
patients with sensory complaints, 
sural nerve conduction velocity and 
CSAP amplitude were within normal 
limits in 47%; 89% of patients without 
complaints had normal sural nerve 
studies. However, the RRP was abnor- 
mal in 77% of patients with symptoms 
and 46% of asymptomatic patients. 
Thus, the RRP may be a more sensitive 
measure of early diabetic neuropathy 
than conventional nerve conduction 
tests. 

Relative refractory period is also af- 
fected by uremia, whether or not clin- 
ical neuropathy is present. In seven 
patients receiving long-term dialysis 
with no neuropathic complaints, sural 
nerve conduction velocity and CSAP 
amplitude were not significantly re- 
duced." However, when paired stimuli 
were presented at varying interstimu- 
lus intervals, both the time of onset 
and the termination of the RRP were 
delayed. Correction of underlying met- 


abolic abnormalities can have a rapid 
effect on the RRP. When patients with 
renal failure were studied just before 
and after dialysis, the duration of the 
average RRP decreased from about 12 
to 6 milliseconds.? The RRP must 
therefore be sensitive to functional 
axonal abnormalities produced by 
metabolic derangements, rather than 
simply to structural defects such as 
axonal degeneration. 

Other toxic/metabolie insults will 
affect RRP, even if they do not induce 
neuropathie symptoms. In a study of 
24 alcoholic patients with and without 
clinical neuropathy, RRP was pro- 
longed as compared with control sub- 
jects.? The prolongation was roughly 
correlated with disease severity, being 
more pronounced in the symptomatic 
group than in the asymptomatic 
group. Schizophrenic and manic-de- 
pressive patients treated with lithium 
and rubidium also showed abnormali- 
ties in RRP®; these abnormalities were 
presumably due to medication toxicity, 
as the refractory period was normal in 
untreated schizophrenics." In an ani- 
mal study, RRP was prolonged in the 
sciatic nerve in rats treated with phe- 
nol, diisopropyl flurophosphate, and 
acrylamide,” suggesting that RRP 
may be a good screening test for a va- 
riety of neurotoxic compounds. 

Demyelinating disorders also will 
cause prolongation in the RRP. Carpal 
tunnel syndrome is an example of a 
circumscribed demyelinating lesion 
that causes slowing of both sensory 
and motor conduction across the in- 
volved area; thus, refractory period of 
transmission across the lesion can be 
studied by stimulating the median 
nerve proximal to the carpal tunnel 
and recording distally. In patients 
with both subtle and severe carpal 
tunnel syndrome, RRP of transmission 
was consistently abnormal* More 
surprisingly, RRP was prolonged in a 
study of 36 patients with multiple 
sclerosis but no suspected cause of pe- 
ripheral neuropathy.** Conventional 
nerve conduction studies in this group 
of patients were within normal limits. 
Although multiple sclerosis has tradi- 
tionally been thought to be a disease 
only of the central nervous system, 
this study suggests that there may be 
dysfunction of the peripheral nervous 
system as well. 

Supernormal Period.—Supernormal- 
ity has not been extensively studied in 
pathologic states. However, there is 
evidence that alterations in supernor- 
mality may be a subtle index of sen- 
sory nerve dysfunction. For example, 
an impairment in supernormality has 
been shown in patients with multiple 
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Sclerosis, a disease not usually consid- 
ered to affect the peripheral nervous 
system.* In this study 20 of 20 control 
subjects showed a supernormal re- 
sponse when a test stimulus was pre- 
sented 6 milliseconds after a condi- 
tioning stimulus; 17 of 40 patients with 
multiple sclerosis did not show any 
supernormality. Sensory conduction 
as measured by main component am- 
plitude and maximum conduction ve- 
locity was the same for the two groups; 
thus the only measured abnormality in 
this study was in supernormality. 

An increase in supernormality can 
also reflect pathologic conditions. 
Stohr and coworkers*’ looked at the 
response to paired stimuli of varying 
interstimulus intervals as a function 
of time after local ischemia to the arm. 
They interrupted blood flow with a 
blood pressure cuff around the arm; 
after the cuff was released, the super- 
normal period was extended to more 
than 40 milliseconds, twice the period 
seen in control subjects. They also 
found that at intervals of less than 40 
milliseconds, the amplitude of the re- 
sponse to the test stimulus was in- 
creased as compared with nonischemic 
conditions; this increase could last up 
to 15 minutes after the ischemic insult 
had been terminated, long after sen- 
sory thresholds had returned to nor- 
mal and the amplitude of the CSAP 
had recovered. Thus, changes in the 
length of the supernormal period, as 
well as the magnitude of the effect, can 
reflect abnormalities in sensory con- 
duction not seen in more frequently 
investigated parameters. 

Response to Impulse Trains.—Of all of 
the measures of activity-dependent 
conduction, the response to impulse 
trains probably has the least clinical 
utility, primarily because  high- 
frequency stimulus trains are noxious 

, to the patient. However, in experimen- 
tal situations, the response to high- 
frequency stimulation can give some 
insight into the function of peripheral 
nerves. À number of animal studies 
have investigated the effect of experi- 
mentally induced?"** or hereditary 
demyelination on conduction of trains 
of impulses. While a normal nerve 
conducts stimuli at rates above 200 per 
second without significant decrement, 
demyelination produced a partial 
block in conduction at rates as slow as 
25 per second. Significant block has 
also been shown in humans with carpal 
tunnel syndrome,” as well as in pa- 
tients with multiple sclerosis.” Recent 
evidence suggests that this block is due 
to hyperpolarization of the nerve fiber, 
which raises the threshold for neural 
transmission at the node of Ranvier”; 
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in normal nerve, there is enough of a 
safety factor that this increased 
threshold does not result in conduction 
block. Presumably, the role of demy- 
elination is to reduce the safety factor 
enough so that the hyperpolarization 
induced by rapid stimulus trains is 
sufficient to block transmission. 
Although rate-dependent conduc- 
tion block is thought primarily to be an 
effect of demyelination, evidence exists 
that axonal lesions may also play a 
role. In a study of the sural and median 
sensory nerves of chronic alcoholic pa- 
tients, a significant decrement in the 
response to stimuli presented at 100 
per second was noted; a similar decre- 
ment was not seen in control subjects.” 
In other studies, however, axonal neu- 
ropathies due to acrylamide* or 
thallium” have not been associated 
with significant rate-dependent block. 


COMMENT 


In this article, we have reviewed 
properties of CSAPs that make them a 
useful clinical tool. These include com- 
monly measured aspects such as am- 
plitude and maximum conduction ve- 
locity, as well as less well-known 
measurements such as minimum con- 
duction velocity. In addition, measure- 
ments based on the responses to stim- 
ulus pairs or trains may be useful in 
identifying subtle neuropathies. The 
Table summarizes the CSAP measure- 
ments discussed in this article. While 
the measurements of maximum con- 
duction velocity and amplitude of the 
evoked response remain the mainstays 
of sensory nerve conduction studies, 
measurement of the less commonly 
studied aspects of nerve conduction 
can enhance the sensitivity of the test, 
as well as provide additional informa- 
tion about the pathophysiology of pe- 
ripheral nervous system disease. 


We thank C. Krarup, MD, PhD, for his critical 
review of the manuscript. 
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WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION HOWEVER 
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THEIR INCIDENCE OR OUTCOME HOWEVER THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND 
APLASTIC ANEMIA. THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 
OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO 
SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS COM 
PLETE PRETREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A 
BASELINE !F A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR 
DECREASED WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD 
BE MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
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Before prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential 
DESCRIPTION 
Tegretol carbamazepine USP. is an anticonvulsant and specific analgesic for trigeminal 
neuralgia. available as chewable tablets ot 100 mg and tablets of 200 mg tor oral admin- 
istration Its chemical name is 5H-dibenz(b t)azepine-S-carboxamide and its structural 


formula is 
`N 
] 


CONH; 


Carbamazepine USP is a white to off-white powder. practically insoluble in water and 
soluble in alcohol and in acetone Its molecular weight is 236 27 
Inactive ingredients Colloidal silicon dioxide FD&C Red No 3 (chewable tablets only), 
FD&C Red No 40 (200-mg tablets only) favoring (chewable tablets only) gelatin. glycer- 
1n. magnesium stearate. sodium starch glycolate (chewable tablets only), starch, stearic 
acid. and sucrose (chewabie tablets only) 
CLINICAL PHARMACOLOGY 
In controlled clinical trials. Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures. as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation Tegretol greatly reduces or abolishes pain induced 
by stimulation of the intraorbital nerve in cats and rats It depresses thalamic potential and 
bulbar and polysynaptic reflexes including the linguomandibular reflex in cats Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to contro! the pain of 
trigeminal neuralgia The mechanism of action remains unknown 

Tegreto! tablets are adequately absorbed after oral administration at a slower rate than à 
solution thus avoiding undesirably high peak concentrations Tegretol in blood is 76% 
bound to plasma proteins Plasma levels of Tegreto! are variable and may range trom 
0 5-25 ug/ml. with no apparent relationship to the daily intake of the drug Usual adult 
therapeutic levels are between 4 and 12 pg/ml Following oral administration serum 
levels peak at 4 to 5 hours The CSF/serum ratio is 0 22 simular to the 22% unbound 
Tegretol in serum Because Tegretol may induce its own metabolism. the half-life is also. 
variable Initial half-life values range trom 25-65 hours, with 12-17 hours on repeated 
doses Tegretol is metabolized in the liver After oral administration of '4 C-carbamaze 
pine, 72% of the administered radioactivity was found in the urine and 28% in the feces 
This urinary radioactivity was composed largely of hydroxylated and conjugated metabo: 
lites. with only 3% of unchanged Tegretol Transplacental passage of Tegretol is rapid (30 
to 60 minutes), and the drug is accumulated in fetal tissues. with higher levels found in 
liver and kidney than in brain and lungs 
INDICATIONS AND USAGE 
Epilepsy: Tegretol ıs indicated for use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived from active drug-controlied studies 
that enrolled patients with the following seizure types 
1 Partial seizures with complex symptomatology (psychomotor temporal lobe) Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal) 
3 Mixed seizure patterns which include the above or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU 
TIONS. General) 
Trigeminal Neuralgia: Tegretol is indicated in the treatment ot the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not a simple analgesic and should not be used tor the relief of trivial aches or 
pains 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to the drug. or known sensitivity to any of the tricyclic compounds such 
as amitriptyline desipramine imipramine. protriptyline nortriptyline. etc Likewise on 
theoretical grounds its use with monoamine oxidase inhibitors |S Not recommended 
Betore administration of Tegretol. MAO inhibitors should be discontinued for a minimum 
of fourteen days or longer f the clinical situation permits 
WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell s syndrome! 
and Stevens-Johnson syndrome. have been reported with Tegretol These reactions nave 
been extremely rare However. a few fatalities have been reported 

Tegretol has shown mild anticholinergic activity therefore, patients with increased 
intraocular pressure should be closely observed during therapy 

Because of the relationship of the drug to other tricyclic compounds, the possibility ot 
activation of a latent psychosis and. in elderly patients, of confusion or agitation should be 
borne in mind 
PRECAUTIONS 
General: Before initiating therapy. a detailed nistory and physical examination should be 
made 

Tegretol should be used with caution in patients with à mixed seizure disorder that 
includes atypical absence seizures. since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benetit-to-risk appraisal In patients with 
a history of cardiac. hepatic or renal damage adverse hematologic reaction to other 
drugs. or interrupted courses of therapy with Tegretol 
Information tor Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem, such as fever. sore throat. ulcers in the 
mouth. easy bruising, petechial or purpurrc hemorrhage. and should be advised to report 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur, patients shouid be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts, including platelets and possibly 
reticulocytes and serum iron. should be obtained as a baseline If a patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts. the patient should 
be monitored closely Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver function, particularly in patients with a history 
ot liver disease. must be performed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dystunction or active liver disease 

Baseline and periodic eye examinations including slit-lamp. funduscopy and tonome- 
try, are recommended since many phenothiazines and related drugs have been shown 1o 
Cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dystunction 





Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 
and safety of anticonvulsants This monitoring may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance. In addition 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use either alone or in 
Combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital. pnenytoin 
or pnmidone or a combination of two. produces a marked lowering of serum levels 
of Tegretol 

The halt-lives of phenytoin. warfarin doxycycline and theophylline were significantly 
shortened when administered concurrently with Tegretol Haloperidol serum levels may be 
reduced when the drug is administered with Tegretol The doses of these drugs may 
theretore have to be increased when Tegretol is added to the therapeutic regimen 

Concomitant administration of Tegretol with erythromycin cimetidine propoxyphene. 
isoniazid Or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases Also concomitant administration of 
carbamazepine and lithium may increase the risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely attected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine when 
administered to Sprague-Dawley rats tor two years in the diet at doses of 25. 75. and 250 
mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must. therefore. be considered to be carcinogenic in Sprague-Dawley 
rats Bacterial and mammalian mutagenicity studies using carbamazepine produced 
Negative results The signiticance of these findings relative to the use of carbamazepine in 
humans is. at present unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg In rat teratology studies, 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate 1. talipes 1 
anophthalmos. 2) In reproduction studies in rats. nursing offspring demonstrated a lack 
of weigh! gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Tegretol should 
be used during pregnancy only if the potential benefit justif.es the potential risk to the 
fetus 

Retrospective case reviews suggest that. compared with monotherapy, there may be à 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Therefore. monotherapy is recommended for pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in patients 
im whom the drug is administered to prevent major seizures because of the strong 
possibility of precipitating status epilepticus with attendant nypoxia and threat to lite in 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a Serious threat to the patient. discontinuation of the 
drug may be considered prior to and during pregnancy. although it cannot be said with any 
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confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The ettect ot Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation. concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential tor serous adverse reactions in nursing nfants trom carbamaz 
epine a decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the mother 
Pediatric Use: Satety and effectiveness in children below the age 0! 6 years have not been 
established 
ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued. the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in tne hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most frequently observed adverse reactions particularly during the initial phases of 
therapy, are dizziness drowsiness. unsteadiness nausea, and vomiting, To minimize the 
possibility of such reactions. therapy should be initiated at the low dosage recommended 

The following additional adverse reactions nave been reported 
Hemopoietic System Aplastic anemia. agranulocytosis pancytopenia. bone marrow 
depression. thrombocytopenia, leukopenia leukocytosis eosinophilia 
Skin Pruntic and erythematous rashes urticatia, toxic epidermal necrolysis (Lyells 
syndrome) (see WARNINGS) Stevens-Johnson syndrome (see WARNINGS), photosensi- 
tivity reactions. alterations in skin pigmentation. extoliative dermatitis erythema multi- 
forme and nodosum. purpura aggravation of disseminated lupus erythematosus 
alopecia. and diaphoresis In certain cases, discontinuation of therapy may be necessary 
Cardiovascular System Congestive neart failure edema. aggravation of hypertension 
hypotension. syncope and collapse. aggravation o! coronary artery disease. arrhythmias 
and AV block, primary thrombophlebitis, recurrence of thrombophlebitis and adenopathy 
or lymphadenopathy 

Some ot these cardiovascular complications have resulted in fatalities Myocardial 
Infarction has been associated with other tricyclic compounds 
Liver. Abnormalities in liver function tests cholestatic and nepa'ocellular jaundice 
hepatitis 
Respiratory System Pulmonary hypersensitivity characterized by fever dyspnea pneu- 
monitis or pneumonia 
Genitourinary System Urinary frequency acute urinary retention olguria with elevated 
blood pressure. azotemia. renallauure and impotence Albuminuria glycosuria. elevated 
BUN and microscopic deposits in the urine nave also Deen reported 

Testicular atrophy occurred in rats receiving Tegretol orally from 4 to 52 weeks at dosage 
Jevels of 50 to 400 mg/kg/day Additionally, rats receiving Tegretol in the diet for two years 
at dosage levels of 25, 75. and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs. it produced a brownish discoloration presum- 
ably a metabolite, in the urinary bladder at dosage levels ot 50 mg/kg and higher 
Relevance of these findings to humans iS unknown 
Nervous System Dizziness. drowsiness, disturbances of coordination contusion, head- 
ache. fatigue, blurred vision, visual hallucinations. transient diplopia. oculomotor distur- 
bances, nystagmus. speech disturbances abnormal involuntary movements. peripheral 
neuritis and paresthesias. depression with agitation talkativeness. tinnitus, and hyper- 
acusis 

There have been reports of associated paralysis and other symptoms af cerebral arterial 
insufficiency but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausea. vomiting gastric distress and abdominal pain diarrhea 
constipation. anorexia. and dryness of the mouth and pharynx including glossitis 
and stomatitis 
Eyes Scattered, punctate. cortical lens opacities as well as conjunctivitis have been 
reported Although a direct causal relationship has not been established many phenothia- 
zines and related drugs have been shown to cause eye changes 
Musculoskeletal System Aching joints and muscles. and leg cramps 
Metabolism Fever and chills Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication, with decreased serum sodium 
(hyponatremia) and confusion. have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests) 
Other Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports of elevated levels of cholesterol HDL cholesterol and 
triglycerides in patients taking anticonvulsants 
DRUG ABUSE AND DEPENDENCE 
No evidence o! abuse potential has been associated with Tegretol nor is there evidence of 
psychological or physical dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults >60 g (39-year-old man) Highest known doses 
survived adults 30 g (31-year-old woman) children. 10 g (6-year-old boy). small 
children. 5 g (3-year-old gir!) 

Oral LDso in animals (mg/kg) mice. 1100-3750. rats, 3850-4025. rabbits. 1500-2680 
guinea pigs, 920 
Signs and Symptoms 
The first signs and symptoms appear atter 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascular disorders are generally milder, and severe cardiac com- 
plications occur only when very high doses (>60 g) have Deen ingested 
Respiration Irregular breathing, respiratory depression 
Cardiovascular System Tachycardia. hypotension or hypertension. shock. conduction 
disorders 
Nervous System and Muscles Impairment of consciousness ranging in severity to deep 
coma Convulsions especially in small children Motor restlessness. muscular twitching 
tremor. athetoid movements. opisthotonos. ataxia. drowsiness. dizziness. mydriasis 
nystagmus. adiadochokinesia. ballism, psychomotor disturbances dysmetria initial 
hyperrellexià followed by nvporellexia 
Gastrointestinal Tract Nausea, vomiting 
Kidneys and Bladder Anuna or oliguria. urinary retention 
Laboratory Findings Isolated instances of overdosage have included leukocytosis. re- 
duced leukocyte count. glycosuria and acetonuria EEG may show dysrhythmias 
Combined Poisomng When alcohol, tricyclic antidepressants barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt elimination 
ot the drug. which may be achieved by inducing vomiting irrigating the stomach and by 
taking appropriate steps to diminish absorption If these measures cannot be implemented 
without risk on the spot. the patient should be transferred at once to a hospital. while 
ensuring that vitai functions are safeguarded There is no specific antidote 
Elimination of the Drug Induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach shouid be repeatedly irrigated. especially if tne patient has also 
consumed alcohol 
Measures to Reduce Absorption Activated charcoal. laxatives 
Measures to Accelerate Elimination Forced diuresis 

Dialysis is indicated only in severe poisoning associated with renal failure Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression Keep the airways free. resort. if necessary, to endotracheal 
intubation artificial respiration and administration of oxygen 
Hypotension. Shock Keep the patient s legs raised and administer a plasma expander 1! 
blood pressure fails to rise despite measures taken to increase plasma volume. use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especially in 
children). hypotension and coma However barbiturates should not be used ' drugs that 
inhibit monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one week) 
Surveillance Respiration cardiac function (ECG monitoring), blood pressure. body tem 
perature. pupillary reflexes and kidney and bladder function should be monitored tor 
several days 
Treatment of Blood Count Abnormalities t evidence ot significant bone marrow depres 
sion develops. the following recommendations are suggested (1) stop the drug, (2) per- 
form daily CBC. platelet and reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Special periodic studies might be helpful as follows (1) white celi and platelet anti- 
bodies. (2) 59Fe—terrokinetic studies (3) peripheral blood cell typing, (4) cytogenetic 
studies on marrow and peripheral blood. (5) bone marrow culture studies tor colony- 
forming units. (6) hemoglobin electrophoresis for Ap and F hemoglobin, and (7) serum 
folic acid and By levels 

A tully developed aplastic anemia will require appropriate. intensive monitoring and 
therapy, tor which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS Laboratory Tests) Dosage should be adjusted to the needs of the individual 
patient A low initial daily dosage with a gradual increase is advised As soon as adequate 
control is achieved. the dosage may be reduced very gradually to the minimum effective 
level Tablets shouid be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg d:d Increase at weekly 
intervals by adding up to 200 mg per day using atid orqd regimen unti the best 
response is obtained Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age. and 1200 mg daily in patients above 15 years ot age Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum effective level. usually 800-1200 mg daily 
Children 6-12 years ol age—Initial: X00 mg b | d Increase at weekly intervals by adding 
100 mg per day usinga t ı d orgs d regimen until the best response is obtained Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level usually 400-800 mg daily 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants When 
added to existing anticonvulsant therapy, the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased except phenytoin which 
may have to be increased (see PRECAUTIONS. Drug Interactions and Pregnancy Category 
e 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: Y00 mg b d. on the first day tor a total daily dose of 200 mg This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom trom pain Do not exceed 1200 mg daily 
Maintenance: Contro! of pain can be maintained in most patients with 400 mg to 800 mg 
daily However. some patients may be maintained on as little as 200 mg daily, while others 
may require as much as 1200 mg daily At least once every 3 months throughout the 
treatment period. attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 
HOW SUPPLIED 
Chewable Tablets 100 mg—round red-speckied. pink, single-scored imprinted Tegretol 
on one side and 52 twice on the scored side) 


Bottles of 100 NDC 0028-0052-01 
Unit Dose (blister pack) 

Box ot 100 

(strips of 10) NDC 0028-0052-61 


Tablets 200 mg—capsule-shaped. pink. single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 

Bottles of 100 

Bottles of 1000 
Gy-Pak  —One Unit 

12 bottles— 100 tablets each 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NOC 0028-0027-61 
Samples. when available are identified by the word SAMPLE appearing on each tablet 
Protect from moisture 
Dispense in tight container (USP) 
Also available as Tegretol suspension 100 mg 5 mi, in 450 mi bottles 

Printed in U S A CB8-27 (Rev 12 88) 


NOC 0028-0027-01 
NDC 0028-0027-10 


NDC 0028-0027-65 
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Neuropsychological Correlates of 
Bilateral Amygdala Damage 


Daniel Tranel, PhD, Bradley T. Hyman, MD, PhD 


@ We conducted an extensive neu- 
ropsychological investigation in a patient 
with bilateral amygdala damage due to Ur- 
bach-Wiethe disease. The patient had sig- 
nificant defects in nonverbal visual mem- 
ory, in social behavior, and in “executive 
control" functions, findings consistent 
With the proposal, based on experimental 
animal work, that the amygdala plays im- 
portant roles in memory and in the modu- 
lation of social and emotional behavior. 
General intellect and language were nor- 
mal. A psychophysiological study showed 
that she had normal electrodermal activity 
(skin conductance responses), an impor- 
tant finding in view of the role that has 
been attributed to the amygdala in the 
central control of autonomic responses. 

(Arch Neurol. 1990;47:349-355) 


n recent years, there has been a bur- 

geoning interest in the extent to 
which the amygdala may play a crucial 
_ rolein memory. Experimental work in 
“nonhuman primates has supported 
such a role,'* and Mishkin? and Murray 
and Mishkin** have emphasized that 
the amygdala is indeed critical. Not all 
investigators agree, however. Zola- 
Morgan and Squire’ and Zola-Morgan 
and colleagues,’ based on work in ani- 
mals and in a human case,’ have down- 
played the importance of the amygda- 
la. This structure’s role in memory re- 
mains a source of controversy. 

The amygdala has also been thought 
to play a role in the central control of 
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autonomic responses.’ In particular, it 
has been suggested that electrodermal 
activity, which is strongly influenced 
by psychological and emotional fac- 
tors, is directly routed through the 
amygdala." There is little information 
available on this issue, however, and 
findings from recent human cases have 
called into question whether the 
amygdala is in fact a crucial compo- 
nent of the neural substrate of elec- 
trodermal activity. 

Circumscribed bilateral destruction 
of the amygdala in humans is rare, be- 
cause most disease processes that af- 
fect the amygdala (eg, herpes enceph- 
alitis and infarctions) damage a num- 
ber of other key structures in the 
anterior temporal region (including 
the hippocampus, entorhinal cortices, 
and temporal stem). The same applies 
to surgical ablations. Urbach-Wiethe 
disease (also known as lipoid proteino- 
sis) affords the rare opportunity to 
study experimentally individuals with 
relatively circumscribed amygdala 
damage. Initially described by Urbach 
and Wiethe," the condition is a rare 
autosomal recessive disease character- 
ized by the deposition of hyaline mate- 
rial in the skin and other tissues of the 
body. Bilateral "bean-shaped" calcifi- 
cations (mineralizations) in the region 
of the anteromesial temporal lobes are 
pathognomonic and present in approx- 
imately 50% of cases." Recently, sev- 
eral authors have described radiologic 
findings associated with these miner- 
alizations.'^?! 

We conducted a comprehensive neu- 
ropsychological investigation in a 
well-documented case of Urbach- 
Wiethe disease. Detailed neuroimag- 
ing data, obtained with roentgeno- 
graphic computed tomography (CT) 


and magnetic resonance, documented 
bilateral changes in the amygdala. 
Psychophysiologic (electrodermal ac- 
tivity) and neurologic studies were 
also performed. 


REPORT OF A CASE 


The patient is a 23-year-old woman who 
has been followed up in the Neurology 
Clinic of the University of Iowa, Iowa City, 
for the past 3 years. The diagnosis of lipoid 
proteinosis was established as follows: the 
presence of typical beaded papules along 
the edges of her eyebrows, thickening of her 
tongue, thickening of the skin over her 
elbows and knuckles, papules along the 
sides of her fingers, and relative fragility of 
her skin. She has had marked hoarseness 
since birth (typical in this disease), and has 
undergone two laser operations to destroy 
redundant tissue of her vocal cords. Biopsy 
specimens of skin, epiglottis, and tongue 
were all consistent with lipoid proteinosis, 
showing deposition of neutral muco- 
polysaccharides. In addition, oil red O stain 
for neutral lipids was performed on the 
epiglottis biopsy specimen and was posi- 
tive. 

Her parents have no history of consan- 
guinity. Neither parent is affected by lipoid 
proteinosis, nor is any of the patient’s three 
siblings or her two children. 

She presented to the Department of Neu- 
rology, University of Iowa Hospitals and 
Clinics, with a history of occasional spells, 
occurring every few months, consisting of a 
“funny” odor, followed by a sensation of 
being “detached” and watching herself 
“from above” for a few seconds. She re- 
mained conscious during these episodes, did 
not interrupt her behavior, and felt some- 
what “spacy” afterward. In addition, she 
notes that her ability to remember day-to- 
day activities is poor, and that she gets lost 
driving around her hometown. 

Evaluation included electroencephalo- 
gram with nasopharyngeal leads, which 
was subsequently repeated three times. All 
electroencephalographic evaluati 
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normal. Roentgenographic CT revealed bi- 
lateral mineralization of the amygdala, 
possibly including the amygdala-hippo- 
campal transition area (Fig 1). Magnetic 
resonance imaging showed this abnormal- 
ity as an area of diminished signal intensity 
on T,-weighted images. The CT and mag- 
netic resonance scans did not reveal any 
other structural abnormality (Fig 2). 

The patient elected not to undergo a trial 
of anticonvulsant medication, and her 
spells have remained unchanged in quality 
and frequency over the last 3 years. She 
gave informed consent to participate in all 
of the studies reported herein. 


NEUROPSYCHOLOGICAL EXAMINATION 
Background and Identifying Information 


The patient was first evaluated in 
the Benton Neuropsychology Labora- 
tories, Iowa City, on November 7, 1986, 
when she was 20 years old. She is fully 
right-handed (+100 on the Geschwind- 
Oldfield questionnaire), and right- 
eyed and right-footed. She successfully 
completed high school and several col- 
lege classes, and has worked as a 
homemaker and parent. She has been 
evaluated on several occasions in our 
laboratory, and the results are pre- 
sented below. 


Behavioral Observations 


The patient is a pleasant, cheerful 
young woman who has on every occa- 
sion been fully alert and cooperative 
with our testing procedures. Her be- 
havioral presentation is notable for 
her tendency to be somewhat coquett- 
ish and disinhibited; eg, she is quick to 
become friendly with examiners and 
experimenters, and often makes 
mildly inappropriate sexual remarks. 
She has occasionally reported depres- 
sive symptomatology, related to diffi- 
cult situational exigencies. 


Intellectual Function 


Results of standard neuropsycho- 
logical probes of intellect and memory 
are presented in Table 1. The patient 
was administered four Verbal subtests 
and three Performance subtests from 
the Wechsler Adult Intelligence Scale- 
Revised” on two separate occasions 
(November 1986 and June 1987), and 
five subtests were repeated in June 
1988. Overall, she performed at the 
low-average level (IQs in the 80 to 90 
range). The verbal and nonverbal 
scores are consistent across the three 
epochs, and are within normal expec- 
tations based on her educational and 
occupational background. 


Standardized Memory Assessment 


The Wechsler Memory Scale? was 
administered in June 1987. She ob- 
tained an overall performance level in 
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Fig 1.—A, Transverse computed tomographic (CT) brain cuts of the patient. The areas of miner- 
alization in the amygdalas are marked with X. B, Anatomic drawing of two normal brain slices ob- 
tained at the same level as the CT in illustration A. The amygdalas are marked as dotted areas. 


the low-average range (Memory Quo- 
tient of 89, prorated based on omission 
of Visual Reproduction subtest), con- 
sistent with expectations based on her 
intellectual abilities. On the Rey Au- 
ditory-Verbal Learning Test?*»::9 
administered in November 1986, she 
showed a normal learning curve, ade- 
quate retention of information across 
a 30-minute delay, and normal recog- 
nition memory. She performed nor- 
mally on a second Rey Auditory- 
Verbal Learning Test administration 
(Form II) in March 1988. 

The Benton Visual Retention 
Test” ©” was administered initially in 
November 1986, using Administration 
A and Form C. Her score was signifi- 
cantly below expectations based on her 
intellectual capacity. In June 1987 (us- 


ing Form D), she again produced a de 


fective performance. The Benton Vi- 
sual Retention Test data indicate that 
the patient has a defect in immediate 
visual memory. On the 30-minute de- 
layed recall of the Rey-Osterrieth 
Complex Figure) (November 1986) 
she achieved a very defective score 
(«10th percentile). This defect was re- 
liable, demonstrated by her defective 
Complex Figure recall performance 
(using a 3-minute delay) in June 1987 
(«10th percentile) and again in June 
1988 («10th percentile). 

The Warrington Recognition Mem- 
ory Test? was administered in Decem- 


ber 1987. This test, divided into Words 4 


(verbal) and Faces (nonverbal) sec- 
tions, utilizes a two-alternative forced- 
choice response format, with 50 items 
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Fig 2.—A, Transverse computed tomographic (CT) brain cuts of the patient, showing absence of 
Structural abnormalities outside the anteromesial temporal lobe regions highlighted in Fig 1. B, 
Transverse T,-weighted magnetic resonance brain cuts of the patient showing normal brain in all 
areas except the anteromesial temporal lobes. 


on both the verbal and nonverbal sec- 
tions. The patient performed at the 
95th percentile on the Words portion, 
and at the 50th percentile on the Faces 
portion. This pattern indicates a ver- 
bal-nonverbal memory discrepancy fa- 
' voring the verbal side, consistent with 
the other memory test results elabo- 
rated above. 
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Additional Standard Neuropsychological 
Probes (Table 1) 


Speech and Linguistic Function.— The 
patient produces speech without ef- 
fort, and her utterances are of normal 
complexity and length. Syntax and 
morphology are intact, and paraphasic 
errors are absent. Her speech is mark- 


edly hoarse, but fully intelligible. Her 
use of paralinguistic communicatory 
aids, including prosodic manipulation 
and gestures, is normal. 

Linguistic function was assessed 
with selected subtests from the Multi- 
lingual Aphasia Examination” and 
the Boston Diagnostic Aphasia 
Examination." She obtained normal 
scores in virtually all areas, including 
visual naming, sentence repetition, 
reading comprehension of sentences 
and paragraphs, and writing (copy, 
dictation, and spontaneously). Repeti- 
tion of word pairs presented aurally 
and dichotically? was normal for both 
her left and right ears. On the Con- 
trolled Oral Word Association test, she 
performed in the impaired range on 
three different occasions; however, 
this defect does not reflect a linguistic- 
related impairment but, rather, an as- 
pect of "executive control" disturbance 
that is corroborated from other obser- 
vations (see the "Executive Control 
and Related Functions” section be- 
low). 

Visuoperceptual, Visuospatial, and 
Visuoconstructional Function.—The 
nonverbal, visuospatial domain was 
investigated with several standard 
and experimental probes. Visuoper- 
ceptual discrimination of unfamiliar 
faces and visuospatial judgment of line 
orientations were within normal 
limits.” She performed in the average 
range on the Hooper Visual Organiza- 
tion Test," which requires mental ma- 
nipulation of visual fragments in order 
to form an integrated whole. Drawings 
to verbal command ("clock" and 
"house") were simple but spatially 
well organized. Copy of the Rey-Oster- 
rieth Complex Figure?*9?*? was normal 
on two different occasions. 

Executive Control and Related Func- 
tions.—Under the rubric "executive 
control," there are a number of cogni- 
tive and behavioral functions that 
have been linked to constructs such as 
cognitive flexibility, abstract reason- 
ing, judgment, decision making, plan- 
ning, formation and maintenance of a 
cognitive set, and freedom from dis- 
tractibility. The patient was adminis- 
tered several tests designed to probe 
this domain. 

On the Category Test,” she made 59 
errors on the first four subtests (pro- 
rated total error score, 97.6), which is 
severely defective. She had difficulty 
with the Trail Making Test, 4559559 as 
there was a significant discrepancy 
between Trails A (47th percentile) and 
B (13th percentile). As mentioned 
above, she performed defectively on 
three different occasions on the Con- 
trolled Oral Word Association test. 
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Her performance on the Stroop Color 
and Word Test? was uniformly low, 
and she demonstrated a significantly 
high degree of “resistance to interfer- 
ence" (T score = 65). This pattern 
tends to correlate with low psycholog- 
ical and social sophistication.? 

In addition to psychometric evi- 
dence of executive control disturbance, 
the patient also demonstrates mild 
improprieties and irrationalities in 
her social behavior. She has been flir- 
tatious with male examiners, and has 
a proclivity to make references to sex- 
ual matters in her verbal interactions 
with our examiners and investigators. 
She has complained on a number of 
occasions of having "forgotten" things 
in her day-to-day life, eg, forgetting to 
take her medications and forgetting 
appointments, examples reminiscent 
of the phenomenon of "forgetting to 
remember." 


Specialized Memory Assessment 
(Table 2) 


Digit Sequence Learning.— Two forms 
of the Digit Sequence Learning Test 
(Digit Supraspan)? were adminis- 
tered. The test requires the learning of 
a sequence of numbers over repeated 
trials, with the length of the series 
(eight or nine) set to exceed the normal 
capacity of immediate memory span. 
On the D8 form (eight digits) and on 
the K9 version (nine digits), her per- 
formances were well within the nor- 
mal range (45th and 51st percentiles, 
respectively). 

Stanford-Binet Memory Subtests.— 
She performed defectively (seventh 
percentile) on the Bead Memory 
subtest (from the revised Stanford- 
Binet Intelligence Scales”), which re- 
quires the subject to memorize and re- 
produce increasingly longer sequences 
of variously colored and formed beads. 
The Bead Memory test is a fairly pure 
measure of immediate nonverbal 
memory, and the results are consistent 
with previous findings regarding the 
relative defect that the patient shows 
in nonverbal, visuospatial memory. 

Visual Retention Test: Multiple 
Choice.— This test uses the same ma- 
terials described by Benton et al? for 
Visual Form Discrimination, but is 
administered as a memory test. The 
subject is given a 10-second exposure 
to each stimulus, and then chooses an 
answer in a four-alternative forced- 
choice response format. There are 16 
items, and the patient obtained a score 
of 9 of 16 correct. This performance is 
moderately defective, comparable 
with her defective performances on 
the standard forms of the Visual Re- 
tention Test described above. 
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Table 1.— Standard Neuropsychological Assessment 


Test/Function 


Score/Result, Date 


6/87 








Wechsler Adult Intelligence Scale-Revised 
(Age-corrected scaled scores) 
Verbal 
Information 


Similarities 








Arithmetic 
Digit Span 
Prorated Verbal IQ 


Performance 
Block Design 


Picture Arrangement 














Digit Symbol Substitution 
Prorated Performance IQ 


Wechsler Memory Scale 
(Age-corrected scaled scores) 
Mental Control 


Score/Result, Date 
6/87 


10.2 





Paragraph Recall 
Paired Associate Learning 
Prorated Memory Quotient 





Rey Auditory-Verbal Learning Test, No./ 15 
Trial 1 


9.0 


Score/Result, Date 
————— 


11/86 3/88 





Trial 2 





Trial 3 








Trial 4 








Trial 5 





30-minute delayed recall 





30-minute delayed recognition, No. / 30 


Benton Visual Retention Testt 
No. correct 


Score/Result, Date 
—n——— 


11/86 6/87 
4 





No. errors 


Complex Figure Test, No./361t 
30-minute delayed recall 


10 





3-minute delayed recall 


Warrington's Recognition Memory Test, No./50 
Words 


Score/Result, Date 
12/87 
49 





Faces 


Route Finding.—The patient has 
traveled from her home (located in a 
small town approximately 35 miles 
from Iowa City) to our facility on nu- 
merous occasions. She has had exces- 
sive diffieulty with the geographical 
navigation of the route, despite the 
fact that it is not a complicated itiner- 
ary. On many of her trips to or from 
Iowa City, she has become lost and has 
required detailed, on-the-spot instruc- 
tions in order to relocate herself. This 
behavior represents another manifes- 
tation of poor nonverbal memory. 

Motor Learning.— Two motor learn- 
ing procedures were administered. 
One of these is a standard rotor pur- 
suit procedure, adapted from Corkin.* 


43 


Subjects are given multiple trials to 
learn to maintain contact between a 
stylus and a small target on a rotating 
platter. The second procedure, Mirror 
Tracing, is also a standard motor 
learning task.” The subject is given 
multiple trials to learn to trace a par- 
ticular figure (eg, a circle or a triangle) 
when direct view of the subject's hand 
is obfuscated and the subject must rely 
on visual feedback provided in mirror 
image. In both of these paradigms, she 
demonstrated a normal learning curve 
across trials, normal error scores, and 
normal retention of the skill across a 
1-hour delay interval. 

Biographical Sketch.— This is a 57- 
item questionnaire designed to tap de- 
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clarable retrograde memory, particu- 
larly with regard to personalized, in- 
dividualized information that is not 
assessed by standard memory probes. 
The questionnaire comprises items re- 
lated to significant life events, such as 
graduations, marriage, birth of chil- 
dren, major trips, and major family 
gatherings. There are items covering 
the major sectors of personal history, 
including Childhood, Adolescence, and 
Adulthood. Also included on the ques- 
tionnaire are items related to physical 
descriptions of parents, and historical 
and demographic information about 
parents and siblings. Finally, there are 
items related to particular idiosyncra- 
cies of the subject, such as favorite 
foods and drinks, and special interests 
and hobbies. For all items, a response 
is obtained from the subject and from 
a close relative, so that the subject’s 
responses can be verified. 

On the Biographical Sketch, she pro- 
duced a normal response protocol that 
matched the descriptions provided by 
relatives. Her recall of events and en- 
tities from childhood, adolescence, and 
adulthood is normal, indicating that 
she does not have defects in her recall 
of remote memories related to per- 
sonal information. 


PSYCHOPHYSIOLOGICAL 
INVESTIGATION 
Electrodermal Activity 


We conducted an investigation of 
the patient’s electrodermal activity 
(skin conductance responses [SCRs]) 
under a variety of conditions, de- 
scribed below, and compared her re- 
sponses to those of brain-damaged and 
normal control subjects. Skin conduc- 
tance was recorded from the thenar 
and hypothenar eminences of the left 
hand, using the same equipment as 
described by Tranel and Damasio." 


Design and Experiments 


Skin conductance was investigated 
during a baseline condition and under 
three different experimental situa- 
tions. For all conditions, the patient 
was seated in a comfortable chair and 
informed as to the basic procedure of 
the experiment. The electrodes were 
attached, and she was positioned 0.75 
m in front of the internal screen of a 
Caramate slide projector. 

Baseline Condition.—This condition 
consisted of 5 minutes of continuous 
recording of skin conductance, after 
the patient had been instructed to sit 
quietly and relax mentally and physi- 
cally. She was instructed not to emit 
verbal or motor behaviors. The data 
from this condition were analyzed 
qualitatively. 
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Test/Function 


Score/Result, Date 


———————————— 
6/87 





Speech 





Linguistic Function 
Visual naming, percentile 


Hoarse; otherwise normal 
Score/Result, Date 
6/87 
7th 





Sentence repetition, percentile 





Reading comprehension, No. / 10 





Writing 





Dichotic listening to word pairs, No./55 
Right ear 





Left ear 


Controlled Oral Word Associationt 
Score 


Percentile 





Visuoperceptual / visuospatial / visuoconstruction 
Facial ''Recognition'' Test, percentile 


Score/Result, Date 


6/87 
19 


0 


Score/Result, Date 


——— 


11/86 6/88 
90th 71st 





Judgment of Line Orientation Test, percentile 


Score/Result, Date 
6/87 
11th 





Hooper Visual Organization Test, No./30 


Score/Result, Date 
3/88 
25.5 





Drawing 
Clock 


Score/Result, Date 
6/87 


Normal 





House 


Normal 





Complex Figure Test, copy 


Executive control and related functions 
Booklet Category Testt 
Prorated error score 


Score/Result, Date 
——M 


11/86 6/86 
31/36 30/36 
Score/Result, Date 
3/88 
97.6 





Trail Making Test, percentile 


A 


Score /Result, Date 
3/88 
47th 





B 
Stroop Color and Word Test, T score 





Word 


13th 
Score/Result, Date 
6/87 
32 





Color 


29 





Color-Word 


31 





Interference 





* Defective performance. 


Test/Function 





Table 2.— Specialized Memory Assessment 


65 


Score/Result 











Digit Sequence Learning, No. /24 





* Defective performance. 


Form D8 20 

Form K9 16 
Stanford-Binet subtests (Standard Age Score) 

Bead Memory * 38 
Visual Retention Test: Multiple Choice Memory, No./ 16* 9 
Motor Learning 

Rotor Pursuit Normal 

Mirror Tracing Normal 
Biographical Sketch Normal 
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Table 3.— Skin Conductance Responses to Patient's First Name 


Average Amplitude, 
u siemens (SD) 


Stimuli to Which 
Responded, % 













Subject 
Controls * 





* Data from Tranel and Damasio."' 





0.356 (0.358) 
0.387 (0.178) 


Table 4.—Skin Conductance Responses to Target and Nontarget Visual Stimuli 


Words, » siemens (SD) 
(Experiment 2) 





Pictures, u siemens (SD) 
(Experiment 3) 





Target 
Nontarget 









Experiment 1.—During this experi- 
ment, skin conductance was recorded 
continuously for 10 minutes. A stimu- 
lus with known "signal value" (the pa- 
tient's first name) was presented seven 
times, approximately once every 80 
seconds, but with no fixed or predict- 
able interstimulus interval. For each 
stimulus presentation, a latency win- 
dow ranging from 1 to 5 seconds after 
stimulus onset was specified, and the 
amplitude of the largest SCR that be- 
gan within the latency window was re- 
corded. Amplitude was calculated by 
measuring the height of the SCR, and 
then converting this figure into units 
of skin conductance (microsiemens). 

Experiment 2.—In this condition, she 
was shown a series of 23 words, printed 
in large block letters on slides. The se- 
ries comprised a randomly mixed set of 
7 target (ie, high emotional value, such 
as *masturbation") and 16 nontarget 
(ie, low emotional value, such as “phi- 
losophy") words. The words were pre- 
sented one at a time, for 2 seconds each, 
with about 20 seconds between stimuli. 
The scoring followed the same proce- 
dure as that described above for ex- 
periment 1. In addition, the average 
SCR amplitude was calculated for tar- 
get and nontarget stimuli. 

Experiment 3.— This experiment was 
similar to experiment 2, except that 
the stimuli were pictures instead of 
words. There were 6 target pictures 
(nudes or mutilation), randomly mixed 
with 16 nontarget pictures (scenery or 
bland visual patterns). Presentation 
and scoring procedures were identical 
with those described above for exper- 
iment 2. 


Results 


Baseline  Condition.—The patient 
generated a normal skin conductance 
tracing during the baseline condition. 
There was a downward drifting base- 
line, and several nonspecific responses 
with normal amplitudes (range, 0.05 to 
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0.600 (0.801) 
0.015 (0.028) 





0.520 (0.708) 
0.011 (0.028) 


0.50 u siemens) and recovery limbs. 

Experiment 1.—The results for ex- 
periment 1 appear in Table 3. Using as 
a comparison the seven control sub- 
jects studied in connection with an- 
other experiment of this type," the 
current patient's results are entirely 
within the same range as the control 
data, indicating that she has normal 
SCRs to an auditory stimulus with 
high signal value (her first name). 

Experiment 2.— Table 4 depicts the 
results from this experiment. She pro- 
duced significantly larger amplitude 
SCRs to the target words, compared 
with the nontarget words. The target- 
nontarget response difference is nor- 
mal, based on comparisons with nor- 
mal control subjects and with sub- 
jects with brain damage in areas 
outside the region of the mesial tem- 
poral lobe.” 

Experiment 3.— Results from experi- 
ment 3 are shown in Table 4. She gen- 
erated significantly larger amplitude 
SCRs to the pictures with high signal 
value (targets), as compared with the 
low signal value (nontarget) pictures. 
Comparing this result with data avail- 
able in 17 brain-damaged subjects 
studied with a similar paradigm, it 
is clear that she has a normal pattern 
of responding to the differential signal 
value of visual stimuli. 


COMMENT 


Extensive neuropsychological ex- 
amination of our patient, who has bi- 
lateral amygdala mineralizations due 
to Urbach-Wiethe disease, indicates 
three main conclusions: First, she suf- 
fers from a significant defect in visual, 
nonverbal memory. Evidence for this 
comes from the formal psychometric 
probes, and from the difficulties she 
experiences in her day-to-day life. Sec- 
ond, she has a disturbance in "execu- 
tive control," manifesting inappropri- 
ate social behavior and deficits on tests 
of category formation, cognitive flexi- 


bility, and abstract reasoning. Third, 
she does not show defects in electro- 
dermal SCRs, despite the bilateral 
changes in the amygdala. This out- 
come is consistent with two recent 
studies of this issue,'^? and supports 
the contention that the amygdala is 
not a necessary component of the neu- 
ral substrate mediating skin conduc- 
tance responses. 

The areas of increased density seen 
on the CT scan correspond to mineral- 
ization of the amygdala and the hip- 
pocampal-amygdala transition area, 
ie, the microscopic deposition of cal- 
cium and, perhaps, other minerals in 
this region. These changes, depending 
on their degree, may or may not be 
equivalent to ablating the amygdala 
entirely, but, at any rate, they reflect a 
profound structural change that in- 
volves decreased neuronal density and 
gliosis. It is reasonable to hypothesize 
that the behavioral defects in our pa- 
tient are related to these structural 
abnormalities. The validity of this rea- 
soning is supported by the fact that the 
CT and magnetic resonance scans did 
not reveal structural pathologic le- 
sions in any other area of the brain. 
Also, in the other cases of Urbach- 
Wiethe disease in which behavioral 
abnormalities such as those noted in 
our patient have been described (eg, 
memory defects), bilateral mineraliza- 
tions in the anteromesial temporal 
lobes have been documented.” 

Regarding the role of the amygdala 
in memory, it is important to consider 
the connectional anatomy of this 
structure. The amygdala receives af- 
ferents from many cortical regions, 
including orbitofrontal, cingulate, 
subcallosal, insular, temporal pole, 
and sensory-specific and higher-order 
lateral temporal association cortices.” 
In addition, it is linked by strong bi- 


directional projections with the hippo- _ 


campal formation and entorhinal cor- 
tex, and receives subcortical projec- 
tions from the hypothalamus, nucleus 
basalis of Meynert, and midline tha- 
lamic nuclei. The amygdala receives 
information from all sensory modali- 
ties. Its projections are directed to- 
ward frontal, temporal, insular, and 
occipital cortices," as well as toward 
the hippocampal formation, entorhi- 
nal and perirhinal cortices, and the 
hypothalamus and autonomic nuclei 
of the brain stem. Thus, from a 
neuroanatomic point of view, the 
amygdala is in a position to associate 
converging input from sensory modal- 
ities with input from the internal mi- 
lieu, and to play a role in behaviors in- 
volving emotional reactions. 

As mentioned at the outset, avail- 


Amygdala Damage—Tranel & Hyman 


k 


a 


|. 


- Tu 


able empirical evidence remains equiv- 
ocal, regarding the amygdala's role in 
memory. Our case is consistent with 
the position that the amygdala is a 
crucial component of the neural sub- 
strate of memory in humans. Further- 
more, it is tempting to speculate that 
the amygdala, be it the left or the 
right, may play a particular role in 
nonverbal, visuospatial memory. This 
might help explain discrepancies be- 
tween findings in nonhuman subjects, 
which provide the greatest support for 
memory defects following amygdala 
lesions;^ and findings in humans, 
which are less supportive of the 
amygdala's importance." Investiga- 
tions in nonhuman subjects rely exclu- 
sively on nonverbal tasks, while inves- 
tigations in humans tend to utilize 
primarily verbal, or verbalizable,mem- 
ory tasks. 

Our patient's abnormal "executive 
control" and social behavior accords 
with the fact that the amygdala has 
been long viewed as an important mod- 
ulator of "emotional" reactions, per- 
haps because of its strong connections 
with hypothalamie and autonomic 
centers, and with numerous cortical 
and subcortical structures. Also, 
there is strong neurophysiological ev- 
idence that the amygdala contributes 
to the recognition of the affective or 
social significance of stimuli.“ 
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Convergence Nystagmus Associated With 
Arnold-Chiari Malformation 


S. S. Mossman, MD; A. M. Bronstein, MD; M. A. Gresty, PhD; B. Kendall, FRCP; P. Rudge, FRCP 


* A case of convergence nystagmus 
associated with an Arnold-Chiari type ! 
malformation is presented. The nystag- 
mus appeared in the absence of fixation, 
was provoked during Valsalva's maneuver 
and neck flexion and extension, and at- 
tenuated on deep inspiration. Sagittal 
magnetic resonance images showed that 
the diameter of the cerebral aqueduct in- 
creased with the neck in full flexion and in 
full extension. Surgical foramen magnum 
decompression considerably reduced the 
nystagmus and abolished the postural 
variation of aqueduct diameter. It is pos- 
tulated that this nystagmus was due to a 
combination of mechanical distortion and 
abnormal transmission of cerebrospinal 
fluid pressure to the aqueductal region. 

(Arch Neurol. 1990;47:357-359) 


onvergence nystagmus is a rare oc- 

ulomotor sign consisting of simul- 
taneous slow abduction of the eyes fol- 
lowed by quick components of 
adduction. The nystagmus is associ- 
ated with some lesions of the mid- 
brain, particularly of the pretectal 
area? 

Type I Arnold-Chiari malforma- 
tions (ACMs) produce a variety of eye 
movement disorders resulting from 
the cerebellar ectopia and lower brain- 
stem distortion. However, ACMs do 
not seem to affect rostral structures 
associated with vergence. We report 


5Y the first case, to our knowledge, of a 


patient with an ACM and convergence 
nystagmus. 


REPORT OF A CASE 


A 17-year-old boy had a 2'-year history 
of an episodic pumping sensation in his 
head, tinnitus, and vertigo with occipital 
headache and nausea. The episodes were 
precipitated by coughing, sneezing, and 
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straining at stool. In addition, the pumping 
sensation occurred in the dark. Hearing 
loss on the right had been present for the 
same period, and the patient had more re- 
cently noticed unsteadiness and clumsiness 
of his right hand. 

Clinical neurologic findings included mild 
head titubation; sensorineural hearing loss 
in the right ear, with bilateral ninth- and 
tenth-nerve palsies; and decreased tongue 
movement to the left. The patient demon- 
strated marked unsteadiness with his eyes 
closed, and his gait was ataxic. Sensation 
was diminished on the left hemitorso to all 
modalities. Motor function was normal in 
the limbs. 


NEURO-OPHTHALMOLOGIC FINDINGS 


For convenience, oculomotor find- 
ings on clinical examination and dur- 
ing eye-movement recordings will be 
presented together. Separate eye re- 
cordings in the horizontal plane were 
obtained with DC electro-oculography 
and displayed on paper with an ink-jet 
recorder (Mingograph). 

Convergence nystagmus occurred in 
the following situations: with conver- 
gence on up or down gaze; during neck 
extension and, to a lesser extent, flex- 
ion; during the Nylen-Hallpike and the 
Valsalva maneuvers; and after re- 
moval of optic fixation. In all these in- 
stances, the eyes beat rhythmically 
inward with a quick component and 
then drifted outward; the simulta- 
neous adduction was occasionally 
asynchronous and asymmetric. Con- 
vergence in the primary position of 
gaze with the head in the neural posi- 
tion was normal without nystagmus. 

After removal of fixation, the eyes 
developed sustained convergence with 
superimposed convergence nystagmus 
(Frenzel’s glasses or darkness, Fig 1). 
With Frenzel’s glasses, the nystagmic 
beats were associated with synchro- 
nous miosis. In this situation, the 
nystagmus persisted throughout a 9- 
minute period of observation and was 
not influenced by changing from a su- 
pine to an upright position. 

After neck extension and flexion, the 
fast components of the nystagmus 
were not always distinct and the eyes 
converged in an irregular pendular 
manner (Fig 2). 
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The nystagmus was attenuated or 
abolished during deep inspiration and 
conversely could briefly be induced by 
straining and coughing. During the 
occurrence of nystagmus, the patient 
commented spontaneously that the 
sensation was the same as his pumping 
feeling in the dark. 

In some patients, convergence 
nystagmus may be induced by down- 
ward-moving optokinetic stimuli,‘ but 
this was not the case in our patient, 
who had normal vertical optokinetic 
responses to a small drum. Occasion- 
ally, bouts of convergence nystagmus 
were present in the electro-oculo- 
grams during full-field horizontal op- 
tokinetic stimulation at 40?/s. 

Other neuro-ophthalmologic find- 
ings included a slight bilateral diver- 
gent squint and impairment of left- 
ward and vertical smooth-pursuit eye 
movements and of vestibulo-ocular re- 
flex suppression to the left. Saccadie 
movements were hypometric to the 
left, and saccadic velocities were in the 
lower range of normal for our labora- 
tory. 

Arnold-Chiari malformations are 
characteristically associated with 
downbeat nystagmus, which may be 
modulated by vestibular input,’ in- 
cluding otolith organ stimulation with 
static positional testing*® or linear 
acceleration. This has led to the view 
that downbeat nystagmus in ACM 
may be due to disinhibited canal-oc- 
ular or otolith-ocular reflexes.^!! The 
possibility that the convergence 
nystagmus in our patient may have 
also been under dynamic otolith influ- 
ence was assessed by studying the ef- 
fect of linear acceleration along the 
occipitofrontal axis, which is known to 
provoke weak vergence eye movements 
in normal subjects.’ The linear accel- 
eration was provided by an electrically 
driven car (described in detail in ref- 
erence 13) in which the subject sat with 
head restrained viewing an earth- 
fixed visual target. The stimulus con- 
sisted of single sinusoidal cycles start- 
ing at zero velocity with peak acceler- 
ations of 3.75 m/s? and a duty cycle of 
3.4 seconds. This motion carried the 
subject toward and away from the 
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Fig 1.—Electro-oculogram showing sustained convergence and convergence nystagmus with loss of optic fixation. R indi- 


cates right; L, left. 


Neck Extension 
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Fig 2.—Electro-oculogram showing asymmetrical convergence and pendularlike convergence nystagmus occurring with neck 
extension. During this maneuver, the patient fixated a target in primary gaze at a distance of 30 cm. R indicates right; L, left. 


Fig 3.—Magnetic resonance imaging sagittal midline sections (repeti- 
tion time, 500 milliseconds; echo time, 15 milliseconds) showing the 
preoperative Arnold-Chiari type | malformation. The cerebral aqueduct 
and fourth ventricle are more distended with the neck flexed and 


extended than in the neutral position. 
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Fig 4.—Postoperative magnetic resonance imaging sagittal midline 
sections (repetition time, 500 milliseconds; echo time, 15 milliseconds). 
There is no significant change in the size of the cerebral aqueduct or 
fourth ventricle with the neck flexed and extended in comparison with the 
neutral position. 
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target with a minimum subject-target 
separation of 10 em at peak accelera- 
tion. This procedure did not evoke con- 
vergence nystagmus in the light, nor 
was the convergence nystagmus mod- 
ulated in the dark. 

A magnetic resonance imaging scan 
showed the features of a type I ACM 
(Fig 3): the cerebellar tonsils were de- 
pressed with their lower poles lying 
between the posterior arches of C-1 
and C-2. There was moderate hydro- 
cephalus involving the lateral and the 
third ventricles. The anterior recesses 
of the third ventricle were distended 
and the lamina terminalis and ante- 
rior part of the floor somewhat bal- 
looned. The margin between the su- 
prapineal recess and the cisterna ve- 
lum interpositum was not clearly 
defined, but the recess was probably 
distended. The aqueduct was normal in 
size, but the fourth ventricle was 
slightly distended, and the brain stem 
was depressed. The medulla was elon- 
gated and its anterior surface im- 
pressed by the tissues overlying the 
odontoid process. There was kinking of 
the cervicomedullary junction, and 
there was a large syrinx extending 
from the level of C-3 to D-10. 

Scans performed during neck exten- 
sion and flexion showed that the diam- 
eter of the cerebral aqueduct was in- 
creased in these positions and that the 
fourth ventricle was more distended in 
comparison with the neutral position 
(Fig 3). There was no evidence of a 
separate pretectal lesion. 

A foramen magnum decompression 
with suboccipital craniectomy and up- 
per cervical laminectomy was per- 
formed. The symptom of a pumping 
sensation in the dark resolved imme- 
diately. On examination 4 days post- 
operatively, the convergence nystag- 
mus, in the absence of fixation, was no 
longer consistently present. When it 
did appear, the amplitude was reduced 
by more than 50% on electro-oculo- 
graphic measurements with respect to 
preoperative recordings. The nystag- 
mus was no longer induced on cough- 
ing or straining or with convergence on 
up and down gaze. Neck extension and 
flexion and the Nylen-Hallpike maneu- 
ver, performed 2 weeks postopera- 
tively, failed to provoke nystagmus. 
Six months later these findings were 
unchanged. In addition, smooth-pur- 
suit, vestibulo-ocular reflex suppres- 
sion and saccadic velocity had im- 
proved, as had the lower cranial nerve 
signs, although the hearing loss per- 
sisted. A subsequent magnetic reso- 
nance imaging scan confirmed that 
adequate decompression had been 
achieved. The anterior surface of the 
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medulla was less impressed by the 
odontoid process, and the syrinx was 
much reduced in diameter. The size of 
the cerebral aqueduct and the fourth 
ventricle no longer varied with flexion 
and extension of the neck (Fig 4). 


COMMENT 


Convergence nystagmus occurs with 
lesions of the pretectal region.^: Le- 
sions in this area can also cause sus- 
tained convergence, particularly on up 
gaze." In our patient, who had a type I 
ACM, convergence nystagmus was an 
unexpected finding, but precedental to 
this association is a case of ACM de- 
scribed by Cogan! in which neck ex- 
tension regularly induced “spasm of 
the near reflex” (esotropia, miosis, and 
myopia) and an accentuation of the 
downbeat nystagmus that lasted sev- 
eral seconds after the head was re- 
turned to the primary position. 

Convergence nystagmus in our pa- 
tient had a number of unusual, though 
recognized, features, including sup- 
pression by fixation,’ occurrence on 
attempted up gaze,’ absence of eye 
retraction,’ and asynchrony of initia- 
tion of the opposing adducting eye 
movement.!* 

Magnetic resonance imaging in this 
case showed distention of the aqueduct 
and fourth ventricle in the flexed and 
extended positions of the neck, maneu- 
versthat also produced the nystagmus. 
The appearance of nystagmus might 
therefore be explained on the basis of 
mechanical distortion of the aqueduc- 
tal region. However, blockage of cere- 
brospinal fluid flow by compression of 
the basal cisterns during neck move- 
ments, with a subsequent rise in pres- 
sure within the ventricular system, 
may have also played a role. The mod- 
ulation of our patient's nystagmus 
with deep inspiration or Valsalva's 
maneuver and the fact that Keane" 
described recurrent episodes of con- 
vergence nystagmus occurring with 
acute obstructive hydrocephalus are in 
support of an additional hydrody- 
namic mechanism. 

Furthermore, the mechanical and 
hydrodynamic mechanisms could have 
potentiated each other. During Valsal- 
va's maneuver or cerebrospinal fluid 
blockage at the basal cisterns, the 
pressure in the ventricular system 
should rise uniformly. However, if 
there is simultaneous increase in the 
diameter of the aqueduct, cerebrospi- 
nal fluid pressure effects may be ac- 
centuated in that region. This stems 
from Bernoulli’s theorem that the 
pressure exerted laterally by a circu- 
lating fluid is inversely proportional to 
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its velocity: we postulate that if the di- 
ameter increases, the flow rate will 
drop and the pressure on the walls of 
the aqueduct will increase. 

Surgery in patients who have an 
ACM has been noted to improve oculo- 
motor signs,'* and this was also the 
case in our patient. The resolution of 
his convergence nystagmus might be 
related to absence of distortion of pe- 
riaqueductal structures during neck 
movements, as seen on the postopera- 
tive scans, and to improvement in 
cerebrospinal fluid circulation brought 
about by foramen magnum decom- 
pression. 


This study was supported in part by an Alex- 
ander Piggott Wernher Memorial Trust Fellow- 
ship (Dr Mossman). 

We wish to thank Dr Tim Fowler for referring 
this patient. 
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NEUROLOGIST, BC/BE — Excellent opportunity 
to join a busy, four-physician section in a large 
multi-specialty group practice. Located in desirable 
Bluegrass region of Kentucky. Competitive salary 
and benefits. Send letter and CV to: Ms. Martha 
Riddell, Lexington Clinic, 1221 South Broadway, 
Lexington, KY 40504. 


Odhsner 


NEUROLOGIST 


The OCHSNER CLINIC of Baton Rouge 
seeks additional neurologists to expand its 
department in our large multi-specialty 
clinic there. Baton Rouge is a major cultur- 
al center, a regional medical referral site, 
and is home to the state's largest university 
population. The practice offers an oppor- 
tunity to practice with physicians of supe- 
rior training and ability in a setting which 
supports innovation and involvement in 
education and research. Interested indi- 
viduals should forward their CV to: 
Medical Director 
Ochsner Clinic of Baton Rouge 

16777 Medical Center Drive 

Baton Rouge, LA 70816 





EXPANDING DYNAMIC neurology practice — 
BC/BE neurologist to join a busy, rapidly growing 
group neurology practice in Virginia suburbs of 
Washington, DC. Excellent opportunity for a com- 
passionate, personable, hard working person to join 
our comprehensive neurodiagnostic team. Subspe- 
cialty training, especially EEG, evoked potentials, 
EMG, or sleep disorders preferred. Teaching and 
faculty appointments available. Send CV to: D. 
Hope, Neurology Center of Fairfax, Ltd., 3020 
Hamaker Court, Fairfax, VA 22031. 
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Neurologist 


With Expertise in Epilepsy and EEG 


Long Island Jewish Medical Center is 
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Professional Opportunities 


MH outpatient clinic in bustling suburbs. BE/BC, 
able for Florida license. Full-time, solid opportunity. 
Optional inpatient. CV in confidence to: P.O. Box 
350321, Tampa, FL 33695. 





NEUROLOGIST — Midwest Great Lakes communi- 
ty. Position for a clinical neurologist, preferably with 
subspecialty training in either stroke or dementia to 
join another neurologist in an established private 
practice. Excellent growth potential. Early partner- 
ship. Box #804, c/o AON. 
ee ee Mec MELLE c gus B 
ADULT NEUROLOGIST, BC/BE: Quality oriented, 
well-established sophisticated hospital and office 
practice seeks fourth for July 1990 or sooner. Initial 
employment with routine fringes and aim of full 
partnership. Send CV to: 2919 Swann Avenue, Suite 
301, Tampa, FL 33609. 





CHARLOTTE, NORTH CAROLINA — High quality 
group of five neurologists, all of whom are subspe- 
cialized, seeks to add a highly capable, well-trained 
individual who likes people and has a special area of 
neurologic interest. Contact: Mike Kaufman, MD, 
126 Cottage Place, Charlotte, NC 28207. Or call: 
(704) 334-7311. 
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SOUTHEAST COAST — Pediatric neurologist 
needed for busy practice, currently with one pediat- 
ric and two adult neurologists with strong academic 
backgrounds. CT, EEG, EMG and physical therapy 
available in office with consult practice in three hos- 
pitals. First year guarantee of $80,000 plus bonus, 
leading to full partnership after two years. Earnings 
potential, quality of life, availability of strong multi- 
specialty support are extraordinarily attractive. Reply 
to: Savannah Neurological Associates, P.C., Post 
Office Box 23059, Savannah, GA 31403. 
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Cerebral Vascular 
Disease Specialist 





Marshfield Clinic is seeking a second fel- 
lowship-trained cerebral vascular disease 
subspecialist to join its Neurosciences 
Cerebral Vascular Disease unit and 15- 
member Neurology Section. State-of-the- 
art practice. Full range of neurologic lab 
and support services including duplex 
scanning, transcranial doppler, Spect, 
MRI and CAT scanning and invasive 
neuroradiology. Clinical research oppor- 
tunities with possibilities for both individ- 
ual and multicentered national projects. 
Marshfield Clinic is a private group prac- 
tice consisting of 350 physicians repre- 
senting all surgical and medical special- 
ties. The Clinic is physically adjacent to a 
525-bed acute care teaching hospital. 
University of Wisconsin Medical School 
affiliation, alarge Medical Research Foun- 
dation, plus a major secondary and terti- 
arylevel patient referral base contribute to 
a very stimulating environment. Contact: 


Mr. John P. Folz 
Assistant Director 
1000 N. Oak Avenue 
Marshfield, WI 54449 
or call collect at 

(715) 387-5181 


Marshfield Cinic 






Immediate opening for 


BC/BE 
NEUROLOGIST 


to associate with well- 
established, rapidly growing, 
32-MD multi-specialty group, 
located 45 miles from San 
Francisco and 20 minutes from 
Napa Valley. Excellent oppor- 
tunity for recreational and 
educational interests. Growing 
community serving 140,000. 


Large, modern office building, 
fully equipped with RPT, 
x-ray, Clinical laboratory, 
urgent care and ambulatory 
surgery departments. Patients 
include both fee-for-service 
and prepaid health plan. 


Attractive compensation 
and benefits. Malpractice 
provided. Send CV to: 


Robert Takamoto, MD 
Caller Box 4020, 1234 Empire Street 
Fairfield, CA 94533-0410 

(707) 426-3911 




























Professional Opportunities 


NEUROLOGIST for multi-specialty pain treatment 
center in San Diego. Work with orthopedist, physi- 
cal therapists, psychiatrist. Established 1977. CV to: 
K. Shandell, MD, 1075 Camino Del Rio South, San 
Diego, CA 92108. 





MIDWEST UNIVERSITY COMMUNITY — General 
neurology practice with opportunity to pursue sub- 
specialty interests. Extensive referral network 
already exists. Six figure income. Urban oriented 
community provides sophistication and culture. 
Contact in confidence: Stephanie Singer, (800) 
327-1585. 


DURANGO, COLORADO: Desire BC/BE neurolo- 
gist to join neurosurgeon in southwest Colorado. 
Next to 94 acute plus 11 skilled nursing bed hospital 
(Mercy Medical Center). 140,000 catchment area. 
No neurologist now based in Durango. Sole neuro- 
surgeon presently in private practice, plus Medical 
Director Regional Rehab Center, plus Medical 
Director Pain Center, plus directs neurodiagnostic 
lab in hospital (EEG, EMG, NCY, evoked potentials, 
brain mapping, thermogram). Needs help! Great 
place to live — hiking, fishing, hunting, etc. Will split 
practice with right applicant. Mail CV or call: Ben 
Crue, Jr., MD, FACS, 1925 East Third Avenue, 
Durango, CO 81301. (303) 259-0779. 





NEUROLOGIST 


BC/BE, full- or part-time, for expanding San 
Francisco Bay area. Private practice with 
emphasis on clinical occupational neurology 
and med-legal evaluations. Expertise in EMG, 
EEG and EP desired. Excellent reputation, 


referral base, facilities and support staff. 
Unqiue income opportunity. 
Submit CV and letter stating professional 
goals, and availability to: 
PERSONNEL 
2040 POLK STREET, BOX 337 
SAN FRANCISCO, CA 94109 


MASSACHUSETTS seascoast community seeks 
second neurologist to join solo practitioner in com- 
munity hospital practice. Excellent family environ- 
ment with abundant outdoor recreation and major 
scientific institutions nearby. Guaranteed first year 
salary. Relocation expenses provided. Reply: Box 
#805, c/o AON. 


SOUTHEAST UNITED STATES — Excellent oppor- 
tunities for board-certified or board-eligible neurol- 
ogist for solo and group practices. Send CV to: CPR 
Associates, P.O. Box 235005, Montgomery, AL 
36123-5005. 








Minneapolis/St. Paul 
NEUROLOGIST 


BC/BE adult neurologist for both inpatient and 
outpatient settings with expertise in EMG desired, 
to join a group of four neurologists. The neurol- 
ogy department is part of a large multi-specialty 
group practice and staff model HMO. This prac- 
tice of 32 years serves more than 250,000 
members. Work in a challenging environment 
with excellent salary and benefits. Please send 
curriculum vitae to: Group Health, Inc., Physician 
Services, 2829 University Avenue Southeast, 
Minneapolis, MN 55414. 








PHYSICIAN OPPORTUNITIES IN ARIZONA: Thomas- 
Davis Medical Centers, P.C., a rapidly expanding 
multi-specialty group practice of 110 plus physi- 
cians in Tucson, Green Valley, and Tempe, Arizona, 
has neurology positions available in Tucson. Excel- 
lent fringe benefits and profit sharing program. 
Guarantee for first two years, plus incentive. Early 
shareholder. Fee-for-service, as well as owned 
HMO. Must be board-eligible or -certified. Call or 
write: James J. Vitali, Chief Executive Officer, 
Thomas-Davis Medical Centers, P.C., P.O. Box 
12650, Tucson, AZ 85732. (602) 322-2525. 





SAN FRANCISCO — Outstanding opportunity for 
BC/BE neurologist at 260-bed primary care hospital 
in the growing South of Market area. Excellent op- 
portunity to build practice. Send CV to: Kenneth 
Barnes, MD, Chief of Medicine, c/o Walter Kopp, St. 
Luke's Hospital, 3555 Army Street, San Francisco, 
CA 94110. (415) 641-6543. 










































Professional Opportunities 


MINNEAPOLIS/ST. PAUL — Neurologist: BC/BE 
adult neurologist for both inpatient and outpatient 
settings with expertise in EMG desired, to join a 
group of three neurologists. The Neurology Depart- 
mentis part of a large multi-specialty group practice 
and staff model HMO. This practice of 32 years 
serves more than 250,000 members. Work in a chal- 
lenging environment with excellent salary and bene- 
fits. Please send curriculum vitae to: Group Health, 
Inc., Physician Services, 2829 University Avenue SE, 
Minneapolis, MN 55414. 


em ILLINOIS 


A board-certified/board-eligible neurologist 
needed to join an eight member Neuroscience 
Division in a 200* private, multi-specialty group 
associated with the University of Illinois Col- 
lege of Medicine; clinic and adjacent 288-bed 
hospital. Offer full neurologic-radiologic sup- 
port including CT and MR scans; subspecialty 
interest welcomed. Liberal fringe benefits and 
early partnership; malpractice coverage pro- 
vided. Write including CV, to: 
Robert C. Parker, Jr., MD 
Assistant to the Chief Executive Officer 


CARLE CLINIC ASSOCIATION 
Urbana, IL 61801 






































































ORLANDO AREA: Board-certified neurologist for 
Office practice and comprehensive examinations 
only. No hospital, ER or surgery. No night or week- 
end work. Please send CV and date of availability to: 
P.O. Box 1003, Goldenrod, FL 32733-1003. 




















ATTENTION PHYSICIAN RECRUITERS. The 
"Classified Advertising" sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sections put your 
message in the hands of every specialist that quali- 
fies for your professional opportunity, every month. 
To place the ad of your choice, any size, call toll 
free: (800) 237-9851; or in Florida (800) 553-8288. 


FEE E 
HOLT Y KROCK CLINIC 


NEUROSURGEON 


BC/BE neurosurgeon to join 
established 95-physician multi- 
specialty clinic located in 
beautiful northwest Arkansas. 
Holt-Krock Clinic is the 33rd 
largest free-standing clinic in 
the nation serving a patient 
base of 400,000 in Arkansas 
and Oklahoma. 


We offer a relaxed, patient- 
oriented practice setting and a 
guaranteed salary with full 
partnership in two to two and a 
half years, plus excellent fringe 
benefits. 680-bed hospital and 
new rehabilitation hospital two 
blocks from main clinic. 









































































For details regarding this 
opportunity, send letter and 
CV to: 


Mrs. Josephine Decker 
Associate Administrator 


HOLT-KROCK CLINIC 
1500 Dodson Avenue 
Fort Smith, AR 72901 
(501) 782-2071 

















Professional Opportunities 


NEUROLOGIST: Excellent opportunity for a board- 


certified/board-eligible neurologist to join two exist- 
ing neurologists in a stimulating, busy private prac- 
tice. Marquette General Hospital is a 306-bed 
regional referral center, with a comprehensive neu- 
rophysiology department and state-of-the-art tech- 
nology that includes magnetic resonance imaging 
and CT scanning, and a hospital-based family prac- 
tice residency. Medical students from Michigan 
State University's College of Human Medicine are 
regularly assigned to the hospital and offer an op- 
portunity for teaching. Marquette General Hospital 
and its medical staff are committed to building a 
center of excellence in the neurosciences and have 
the necessary financial resources. The development 
of these services will require the leadership and 
cooperation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. If this special opportunity is of inter- 
est to you, please forward your curriculum vitae to: 
Daniel Mazzuchi, MD, Director of Physician Serv- 
ices, Marquette General Hospital, Suite 122, Wallace 
Building, 420 West Magnetic Street, Marquette, MI 
49855. 






ADULT NEUROLOGIST: BC/BE to join well 
established neuroscience group in a rapid 
growing community of southern California. 
EEG, EMG and EP skills necessary. Competi- 
tive salary with excellent benefits. Please send 
CV to: Administrator 

Antelope Valley Neuroscience Medical Group 

44902 North 10th Street West 

Lancaster, CA 93534 e Or call: (805) 945-6931 
NEUROLOGIST: Position available for second neu- 
rologist in a primary care group practice of 14 phy- 
sicians. Located in northeastern Kentucky. Area 
offers national forest and 9,000 acre lake. Communi- 
ty has state university and 156-bed fully accredited 
acute care hospital. Guaranteed or formula with 
fringe benefits. Contact or send CV to: Phillip J. 
Martin, Administrator, Morehead Clinic, 234 Medi- 
cal Circle, Morehead, KY 40351. (606) 784-6641. 


Neurologist 


BC/BE to join large 
multi-specialty 
group practice near 
Milwaukee, Wisconsin. 


Must have experience 
in EMG, EEG 
and evoked potential. 


Competitive salary and 
fringe benefits. 


Forward inquiries and 
CV to: 


Administrator 

P.O. Box 427 
Menomonee Falls 
WI 53051 















































































medicine. 


ADULT NEUROLOGIST 


116,000-member health plan. 









interests/training is highly desirable. 








Medical Equipment / Supplies 


DOCTORS IN YOUR SPECIALTY are the best 


market for used/serviceable equipment that may be 
surplus to your needs. Advertise this equipment in 
an AMA specialty journal and reach your market. 
Call our "Classified Advertising" office toll free: 
National (800) 237-9851; in Florida (800) 553-8288. 





Faculty Positions 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or -certified in neurology and have subspecialty 
expertise in movement disorders and/or epilepsy. 
Preference will be given to candidates with interest 
in clinical research. Loyola University is an equal 
opportunity/affirmative action employer. Send cur- 
riculum vitae to: Gastone Celesia, MD, Chairman, 
Department of Neurology, Loyola University Chi- 
cago, 2160 South First Avenue, Chicago, IL 60153. 








ADULT NEUROLOGISTS. Tenure track positions 
available at Texas Tech University Health Sciences 
Center. One position is at the El Paso campus for a 
clinically oriented neurologist; two positions are at 
the Lubbock campus for clinically and/or research 
oriented neurologists. The department is expanding 
research programs in Parkinson's and Alzheimer's 
disease. Send CV to: Joseph B. Green, MD, Profes- 
sor and Chairman, Department of Medical and Sur- 
gical Neurology, Texas Tech University Health 
Sciences Center, Lubbock, TX 79430. 












ACADEMIC NEUROLOGIST sought with training 
in EMG and neuromuscular diseases to build a pro- 
gram. New equipment and general support avail- 
able. Research encouraged and expected. Reply 
with CV to: Joseph B. Green, MD, Chairman, 
Department of Medical and Surgical Neurology, 
Texas Tech University Health Sciences Center, 
Lubbock, TX 79430. Texas Tech University is an 
equal opportunity employer. 


























A lifetime of opportunity 
begins with Lovelace. 


From testing the fitness of future astronauts to introducing the nation's first 
germ-free operating room, Lovelace has achieved a significant number of 
medical firsts. But for more than 60 years, we've placed top priority on 
meeting the changing needs of our professional staff, the people whose 
dedication and high standards have kept us at the forefront of progressive 











Lovelace, New Mexico's largest provider of health care, has an immediate 
need for a BC/BE to join 4 neurologists in an outstanding 240-member 
multispecialty group practice, medical center, research foundation, and 


The qualified professional must have EMC/EEG competence. Subspecialty 


A lifetime of opportunity begins with Lovelace, where you can enjoy an ex- 
cellent compensation and benefits package in a location that offers out- 
standing recreational and cultural opportunities. To find out more about this 
rewarding and challenging place to practice, please send a CV to: Office of 
the Chief Medical Officer, Dept. AN, Lovelace, 5400 Gibson Blvd. SE, 
Albuquerque, NM 87108 or call 505-262-7278. EOE/AA M/F/H/V. 
























The University of Miami 

School of Medicine 
is seeking qualified applicants for the 
position of 


PROFESSOR AND 
CHAIRMAN 
Department of Neurology 


The candidate must be board-certified in 
neurology and respond creatively to the 
challenge of clinical care, research and 
teaching in a postgraduate neurology pro- 
gram which currently supports 21 resi- 
dents and 13 fellows. He/she must also 
possess superior skills in clinical neurol- 
ogy, a proven track record in research and 
sound administrative skills. The Depart- 
ment of Neurology is responsible for clini- 
cal neurological services at the 1250-bed 
University of Miami/Jackson Memorial 
Medical Center and the adjacent 490-bed 
Miami V.A. Medical Center. The depart- 
ment also cares for a large number of pri- 
vate and county-supported patients in its 
outpatient facilities. Currently on the 
neurology staff, there are 15 full-time phy- 
sicians and 8 tenured PhD s participating in 
an ongoing clinical care, teaching and 
basic research program. Interested appli- 
cants should send an updated CV to: 


Robert M. Quencer, MD, Chairman 
Neurology Search Committee and 
Director, Division of Magnetic 
Resonance Imaging, University of 
Miami Department of Radiology 


1115 N.W. 14th Street, Miami FL 33136 


The University of Miami offers a competi- 
tive salary and benefits package and is an 
equal opportunity/affirmative action em- 
ployer. Qualified minorities and women are 
encouraged to apply. 










Faculty Positions 


Ss e vii og ee 
ACADEMIC NEUROLOGISTS are sought by the 
University of Oklahoma College of Medicine. These 
faculty positions enjoy a balanced mixture of aca- 
demic responsibilities in the teaching of medical 
students, residents, and peers, a variety of patient 
care milieus, and both bench and bed research. An 
experienced and visionary child neurologist is 
sought for the Chief of Child Neurology; we wish to 
develop additional child neurology faculty in genet- 
ics and transplantation. Adult neurologists special- 
izing in oncology, coagulation and blood flow, epi- 
lepsy surgery, and aging are highly desirable. Must 
have completed residency training in neurology, 
subspecialty fellowship in the area of expertise, and 
be board-eligible. Submit a letter elaborating your 
background and interests with your CV to: Robert 
M. Shuman, MD, Interim Chair, Department of 
Neurology, University of Oklahoma College of Med- 
icine, P.O. Box 26901, Oklahoma City, OK 73190. 
Applications will be accepted continuously until our 
growth potential is filled. EO/AA employer. 


FACULTY POSITION available at the assistant pro- 
fessor level in the Department of Neurology at the 
University of Illinois at Chicago. The department 
seeks applicants with expertise in stroke, dementia, 
neuro-oncology, neuro-geriatrics, neuro-epidemi- 
ology, pain, or electromyography. Send letter of 
interest and curriculum vitae to: Daniel B. Hier, MD, 
Head, Department of Neurology, mc796, University 
of Illinois at Chicago, Box 6998, Chicago, IL 60680. 
UIC is an AA/EOE. 


PEDIATRIC NEUROLOGIST position available at 
Hennepin County Medical Center with the rank of 
assistant professor without tenure. HCMC is an 
academic medical center affiliated with the Univer- 
sity of Minnesota. The neurology department has an 
opening for a BE/BC pediatric neurologist with 
primary interests in clinical and education activities, 
plus some clinical research. A special interest in 
pediatric head trauma, sleep disorders, or neuro- 
muscular diseases would be welcomed. Salary is 
appropriate to experience and expertise. Interested 
applicants please send a CV and three letters of 
recommendation to: M.G. Ettinger, MD, Chief of 
Neurology, Hennepin County Medical Center, 701 
Park Avenue South, Minneapolis, MN 55415 by 15 
March 1990. Hennepin County Medical Center and 
the University of Minnesota are equal opportunity 
employers and specifically invite and encourage 
applications from women and minorities. 


CHIEF, NEUROLOGY SERVICE — The VA West 
Side Medical Center is reviewing qualified candi- 
dates for Chief, Neurology Service. We are a 500- 
bed acute care tertiary referral facility in the West 
Side Medical Center complex of Chicago, adjacent 
to the University of Illinois at Chicago College of 
Medicine. We seek applicants of exceptional ability 
in clinical care, teaching, research and administra- 
tion. The WSVAMC inpatient Neurology Service 
consists of 20 beds with 388 admissions per year, 
active outpatient clinic with 4,370 visits per year, and 
8.0 residents in the combined integrated program 
with the University of Illinois at Chicago, every resi- 
dent rotating through the West Side Veterans Admin- 
istration Hospital. A competitive salary/benefit 
package is available. (EOE). Interested applicants 
should send curriculum vitae to the chairman of the 
search committee: Prakash Desai, MD, Chief, Psy- 
chiatry Service, West Side VA Medical Center, 820 
South Damen, Chicago, IL 60612. 


NEUROLOGIST — BC/BE. The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. McIntosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3516 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 


COMPUTER APPLICATIONS in neurology. Aca- 
demic neurologist sought to head section dedicated 
to exploring computer applications including expert 
Systems, decision analysis, computer modeling, 
and neural networks. Send resume to: Daniel B. 
Hier, MD, Head, Department of Neurology, mc796, 
University of Illinois at Chicago, Box 6998, Chicago, 
IL 60612. UIC is an AA/EOE. 

















Faculty Positions 


ACADEMIC NEUROREHABILITATION: A faculty 
appointment at the Assistant or Associate Professor 
level is available at the University of Maryland (Bal- 
timore) in neurorehabilitation. Special interest in 
long term neurologic care of conditions such as 
Stroke, head injury, multiple sclerosis, movement 
disorders or neuromuscular diseases is desirable. 
Candidates may have developed expertise in tech- 
niques such as aphasia therapy, swallowing dis- 
orders, treatment of chronic pain, or motor control. 
The Department of Neurology also has a wide range 
of research initiative in basic and applied fields 
including aphasia linguistics, virology, molecular 
biology and neurophysiology. Independent or col- 
laborative involvement in research bearing upon 
rehabilitative problems in neurology are highly 
encouraged. Please send an expression of interest 
and resume to: Kenneth P. Johnson, MD, Chairman, 
Department of Neurology, University of Maryland 
Hospital, 22 South Greene Street, Baltimore, MD 
21201. An equal opportunity employer. 


Fellowships 


FELLOWSHIP IN NEUROPHYSIOLOGY and epi- 
lepsy: Available for one year beginning July 1, 1990 
at the University of Kansas Medical Center, Kansas 
City, Kansas. Includes training in EEG (both adult 
and pediatric), Evoked Potentials of all three modali- 
ties (visual, auditory and somatosensory), P-300, 
CCTV-EEG Telemetry, and management of epi- 
lepsy. The electrodiagnostics involve materials from 
the University Medical Center, Kansas City VA Med- 
ical Center, and two community hospitals. There is 
an active epilepsy program at the University Medical 
Center. Board eligibility in neurology is required. 
Applicants should send CV and names and 
addresses of three references to: Chi-Wan Lai, MD, 
Director of EEG and Evoked Potentials Lab, 
Department of Neurology, University of Kansas 
Medical Center, 39th & Rainbow Boulevard, Kansas 
City, KS 66103. 


p 





EEG AND EPILEPSY 
FELLOWSHIP 
The Department of Neurological Sciences, Rush 
Medical College, offers one or two year fellowships 
in clinical EEG, evoked potentials and epilepsy 
beginning July 1, 1990. Fellows have major responsi- 
bility for the inpatient evaluation and management 
of candidates for epilepsy surgery including elec- 
trocorticography and cortical mapping. Fellows 
participate in experimental drug trials, investiga- 
tions of routine and cognitive evoked potentials, 
topographic EEG and EP analysis and critical care 
neurology. The fellowship qualifies for ABCN certi- 
fication. Requirements include successful comple- 
tion of a neurology or neurosurgery residency 
prior to July 1, 1990 and eligibility for Illinois licen- 
sure. Send letter of application, a CV and two let- 
ters of reference to: 
Frank Morrell, MD 
Section of Clinical Neurophysiology 
and the Epilepsy Center 

Rush-Presbyterian-St. Luke's Medical Center 
1653 West Congress Parkway, Chicago, IL 60612 
Rush is an equal opportunity employer 





NEUROPHYSIOLOGY FELLOWSHIPS. Children's 
Hospital of Michigan, an affiliate of the Detroit Med- 
ical Center and Wayne State University has two 
Neurophysiology Fellowships available. 1) Fellow- 
ship in Neuromuscular Disease and EMG. Program 
includes training in clinical Neuromuscular dis- 
orders in patients of all ages and electrodiagnosis. 
2) Fellowship in Clinical Neurophysiology and Epi- 
lepsy. Program includes training in EEG, prolonged 
video monitoring and evoked potentials (including 
or monitoring). There is an active epilepsy program 
that includes the surgical treatment of medically 
intractable patients. Candidates should be board- 
eligible in Neurology or Neurology with special 
competence in Child Neurology. There are oppor- 
tunities for research. Interested persons should con- 
tact: Dr. Charise L. Valentine, MD, Children's Hospi- 
tal of Michigan, 3901 Beaubien Boulevard, Detroit, 
MI 48201. (313) 745-5785. 





PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 




























Fellowships 


NEURO-ONCOLOGY FELLOWSHIPS/Instructor- 
ships available for July 1990 and 1991. The Univer- 
sity of California, San Francisco Neuro-Oncology 
Service offers unprecedented opportunities to par- 
ticipate in chemotherapy and radiation therapy 
trials of children and adults with brain tumors. Prac- 
tice is primarily outpatient; approximately 2,000 
patients are seen each year. An optional second 
year of laboratory research is available. Applicants 
for this position will be expected to have a valid 
California medical license and to be board-eligible 
or board-certified in neurology, neurosurgery, or 
medical oncology. There are two positions offered 
each year. Apply to: Michael Prados, MD, Depart- 
ment of Neurological Surgery, Brain Tumor 
Research Center, University of California, San 
Francisco, CA 94143. 


A TWO YEAR Movement Disorder Fellowship, 
including clinical or basic research and beginning 
July 1, 1990, is being offered to qualified applicants 
who are interested in clinical research and training 
in movement disorders, including Parkinson's dis- 
ease, Huntington's disease, and Tourette's syn- 
drome. Special opportunities are available for 
research of experimental therapeutic methods. Fel- 
lowship stipend is commensurate with experience. 
Applicants must have an MD degree and have com- 
pleted approved residency training in neurology. 
Candidates should send CV and three references 
to: Ira Shoulson, MD, or Roger Kurlan, MD, Depart- 
ment of Neurology, Box 673, University of Roches- 
ter Medical Center, 601 Elmwood Avenue, Rochester, 
NY 14642. An equal opportunity employer. 


ALSCHULER FELLOWSHIP in Clinical Neurology 
available in Department of Neurology of Michael 
Reese Hospital and Medical Center beginning July 
1, 1990. Fellowship provides training and research 
opportunities in neuroepidemiology, cerebrovascu- 
lar disease, drug trials, dementia, decision analysis, 
and expert systems under director of Drs. Daniel 
Hier and Philip Gorelick. Send inquiries to: Dr. 
Daniel Hier, Chairman, Department of Neurology, 
Michael Reese Hospital and Medical Center, Lake 
Shore Drive at 31st Street, Chicago, IL 60616. 


COGNITIVE NEUROLOGY FELLOWSHIP: The 
Department of Neurology, University of Minnesota, 
offers a fellowship in Cognitive Neurology, available 
July 1, 1990 for one to two years. The position will 
include both clinical experience in evaluating and 
caring for patients with cognitive disorders (princi- 
pally Alzheimer's disease), in outpatient, long-term 
care and experimental therapeutic settings; and 
research experience in the cognitive psychology of 
memory function. Prospective applicants must have 
completed a U.S. or Canadian Neurology residency, 
and have a strong interest in research. Address 
inquiries to: David Knopman, MD, Department of 
Neurology, Box 295, University of Minnesota Hospi- 
tals, Minneapolis, MN 55455. The University of Min- 
nesota is an equal opportunity educator and 
employer and specifically invites and encourages 
applications from women and minorities. 


MOVEMENT DISORDER FELLOWSHIP: Two-year 
clinical and laboratory postgraduate training is 
available for neurologists interested in Parkinson's 
disease and other movement disorders. Under 
direction of H.L. Klawans, C.G. Goetz, C.M. Tanner 
and C.L. Comella, Rush-Presbyterian-St. Luke's 
Medical Center. Contact: C.G. Goetz, 1725 West 
Harrison Street, Chicago, IL 60612. 


BEHAVIORAL NEUROLOGY FELLOWSHIP: One- 
year fellowship beginning July 1, 1990, with option 
for a second year in the Department of Neurology, 
University of Southern California. Activities include 
laboratory-based research on animal model of neu- 
ral transplantation. Fellow will also participate in the 
USC Neurobehavior Clinic/Bowles Center for Alz- 
heimer's and Related Diseases, where clinical 
research opportunities are available. Behavioral 
Neurology expertise is well represented in the Neu- 
rology Department through its Division of Cognitive 
Neuroscience & Aging. The Division plays a large 
role in the NIH-supported Alzheimer's Disease 
Research Center at USC. Must be BE in neurology 
or psychiatry. Please send letter of interest, CV, and 
names of three references to: Victor Henderson, 
MD, Department of Neurology (RMR 408), USC 
School of Medicine, 2025 Zonal Avenue, Los 
Angeles, CA 90033. 




































FELLOWSHIPS 


Behavioral Neurology 
of Aging 












The University of Pittsburgh 
School of Medicine has fellow- 
ships available for a one- or two- 
year research-oriented program 
aimed at training clinician 
researchers in the Behavioral 
Neurology of Aging. 


Candidates must be M.D.s. 
Preference will be given to those 
who have completed a residency 
in neurology, psychiatry, or inter- 
nal medicine. 








































Contact: O.M. Reinmuth, M.D. 
Dept. of Neurology 


University of Pittsburgh 
SCHOOL OF MEDICINE 
Pittsburgh, PA 15261 


(412) 648-9200 

















CLINICAL Neurophysiology/Epilepsy fellowship. 
The University of Cincinnati is offering a fellowship 
in an active and expanding program. Training 
includes EEG, evoked potentials, video/EEG moni- 
toring with depth or subdural electrodes, intraoper- 
ative monitoring, and clinical epileptology in adults 
and children. The fellowship will provide ABCN 
board eligibility. For information contact: Michael 
Privitera, MD, Department of Neurology, University 
of Cincinnati Medical Center, Cincinnati, OH 45267- 
0525. (513) 558-5431. 


CEREBROVASCULAR DISEASE FELLOWSHIP: 
The University of Maryland Stroke Center offers a 
one or two year fellowship. The University of Mary- 
land is a referral center for over 400 patients yearly 
with stroke and has an acute stroke unit, a longitud- 
inal follow-up clinic, and an active interface with 
neurosurgery and neurologic rehabilitation units. 
The University of Maryland is one of three centers 
nationally with seven years' continuous participa- 
tion in the NINCDS-funded Stroke Data Bank. The 
fellow will receive training in clinical diagnosis and 
management, neurosonology (cartoid duplex and 
transcranial Doppler), and clinical research methods. 
Some areas of research interest include neuro- 
epidemiology and basic science studies of stroke 
risk factors, endothelial cell surfaces in thrombosis 
and atherogenesis, progressing stroke, stroke in the 
young, sensitivity and specificity of non-invasive 
techniques, clinical trials, aphasia recovery, higher 
cortical function, and post-stroke depressive dis- 
orders. The fellowship carries an academic appoint- 
ment as Instructor of Neurology. Please send letters 
of inquiry and curriculum vitae to: Thomas R. Price, 
MD, Department of Neurology, 22 South Greene 
Street, Baltimore, MD 21201. 


STROKE — Intensive care fellowship position: 
Available July 1, 1990, a fellowship in stroke and 
intensive care neurology for one year with option 
to renew. Candidates should have completed a neu- 
rology residency and be board-eligible. The candi- 
date will participate in ongoing clinical stroke 
projects. Opportunities for experience in sleep neu- 
rology and pain management are also available. 
Interested parties contact: David C. Anderson, 
Department of Neurology, Hennepin County Medi- 
cal Center, 701 Park Avenue South, Minneapolis, 
MN 55415. (612) 347-2595. 


































Residencies 

A PGY-IV position has become available for the 
1990-1991 academic year in the Neurology Depart- 
ment at Temple University School of Medicine. 
Address inquiries to: Mark L. Moster, MD, Residency 
Program Director, Temple University School of 
Medicine, PP Room 558, 3401 North Broad Street, 
Philadelphia, PA 19140. Temple is an equal oppor- 
tunity employer. 


Fellowships 


FELLOWSHIP, MOVEMENT DISORDERS — The 
Department of Neurology, University of Miami and 
the National Parkinson Foundation are pleased to 
announce the Allied-Signal Foundation Movement 
Disorders Fellowship. This two-year fellowship will 
provide clinical research training related to move- 
ment disorders, and will also provide the opportuni- 
ty to develop a wide range of experience related to 
the clinical treatment of these syndromes. Comple- 
tion of a neurology residency required. Starting date 
flexible but July 1, 1990 preferred. Send CV and two 
letters of recommendation to: William J. Weiner, 
MD, University of Miami, Department of Neurology, 
Parkinson Building, 1501 Northwest 9th Avenue, 
Miami, FL 33136. 


Positions Available 


POST-DOCTORAL RESEARCH and training in 
cognitive neuroscience. Immediate applications are 
invited for 2-3 year post-doctoral training in cogni- 
tive neuroscience at Dartmouth Medical School and 
College. Particular interests include investigators 
experience in ERPs, anatomy and/or cognitive 
science, and behavioral neurology. Send vitae and 
two letters to: M.S. Gazzaniga, Program in Cognitive 
Neuroscience, Dartmouth Medical School, Hanover, 
NH 03756. 








Residencies 


NEUROLOGY RESIDENCY. PGY2 position avail- 
able at University of Illinois at Chicago for July 1990. 
For information contact: Daniel B. Hier, MD, Head, 
Department of Neurology, University of Illinois, 912 
South Wood, Chicago, IL 60612. Telephone: (312) 
996-6496. 


Medical Services 





AMBULATORY 
EEG SCANNING SERVICE 


For 24-hour EEG recordings by Oxford 9000 
Systems. Same day report upon receipt of tape. 


NEUROLOGY RESIDENT — A PG3 residency posi- 
tion beginning July 1, 1990 is available in the 
Department of Neurology, University of lowa Hospi- 
tals and Clinics. Contact: Robert L. Rodnitzky, MD, 
Department of Neurology, University of lowa, lowa 
City, IA 52242. Telephone: (319) 356-8754. The Uni- 
versity of lowa is an affirmative action/equal oppor- 
tunity employer. Women and minorities are encour- 
aged to apply. 








Call: EEG Department 
DIAGNOSTIC MEDICAL LABORATORIES 
(301) 596-4331 
Room 211, 11085 Little Patuxent Parkway 
Columbia, MD 21044 
















We Target The Physician 
You Want! 


The Archives of Neurology's classified recruitment advertising section is 
seen precisely by the physician you need — all neurologists, child neurolo- 
gists and neurological surgeons. A total targeted physician audience of 
over 19,000. 


Find the physician you need now. Send us your advertising order today. 
Just complete the coupon below and attach your typewritten copy. The 
next available issue is May which closes March 23rd. 


The classified rate is $ .95 per word for one issue. For three issues or 
more, the rate is $ .85 per word per issue. Minimum classified ad is 
20 words. 
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May 18-19-20 or May 26-27-28, 1990 Preceding and following the 


University of Vienna Symposium, 
"Neurosurgery on the 


* 
Vie nn ü ; Processes of the Cranial Midline," 
Austria Monday through Friday, May 21-25 
Symposia/Hands-On Workshops: 


“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics” 
For Neurosurgeons, Plastic, ENT, Craniofacial and Maxillofacial Surgeons (Neuro 700) 






Cosponsored by the 
University of Vienna Department of Neurosurgery and MIDAS REX™ Institute 


GUEST FACULTY 
Prof. Wolfgang Koos, M.D. 















COURSE DIRECTORS 

Prof. Wolfgang Koos, M.D. 
Robert F. Spetzler, M.D. 

Susan Mitchell, Ed.D. Volker K H, Sonntag, M.D. 


SYMPOSIUM FORMAT: Workshops: 8:00 a.m. - 2:00 p.m each day. Hands-on exercises, utilizing appropriate 
animal bones, skeletal bones, etc., for bonework dissection skills of the cranium and spine, including attention to 
bioplastics and biometals. 


ENROLLMENT IS LIMITED. Please call before 
sending check or making travel plans. All 


Am Hubertusdamm 6 
enrollments made through the MIDAS REX office in : 
Fort Worth Texas, U S.A. A-1220 Vienna, AUSTRIA 


* ENROLLMENT FEE (U.S.$): Surgeons, $965.00; Fellows/Residents, $585.00 (with letter from Department Head). 


Make check to "Vienna Symposium." 
Mail to: MIDAS REX™ Institute, 2929 Race Street, Fort Worth, TX 76111, U.S.A. 
Phone: 817-831-2604. FAX: 817-838-2384. 


Join the more than 7,800 enrollees who have completed MIDAS REX Hands-On Workshops 










Robert F. Spetzler, M.D. 




















Austria Center 






















Monterey California August 6-7-8, 1990 


“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bloplastics" 






SYMPOSIA/HANDS-ON WORKSHOPS 
for NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, 
and OTOLARYNGOLOGICAL SURGEONS (Neuro 700) 
for ORTHOPAEDIC SURGEONS (Ortho 700) 


presented by MIDAS REX™ Institute 
Course Directors: Susan Mitchell, Ed.D.; Michael Vail, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS; The MIDAS REX Hands-On Workshops will ; The 
be held each day from 7:30 a.m. to 1:30 p.m. The wor shop Doubletree Hotel at Fisherman's Wharf, Two Portola Plaza, 
will emphasis a series of structured exercises utilizing ap- Monterey, CA 93940. Phone 408-649-4511. 

popes e animal bones, skeletal bones, bioplastics, and ee (US$): Surgeon $965.00; Fellow/Resi- 


ENROLLMENT; F 
lometela: dent $585.00 (with letter from Department Head); All Operat- 


Neuro 700 dissection skills for bonework of the cranium ing Room Personnel (RN/CST/PA/Other) $250.00. 
and spine, including attention to bioplastics and biometals 


licab 1 
SPEPSMESIM 1O TAN ONAQUEY Make check to "Monterey Symposium." Mail to: Midas Rex 
Q—dissection in small bones, large bones, Institute, 2929 Race Street, Fort Worth, TX 76111. Phone: 


spines, joint replacement, revision surgery, z "R94. 
methylniet acrylate, polyethylene, and biometals, ERRA 800-433-7639 or 817-831-2604. 


ing broken stem extraction. Enrollment is limited. Please call to reserve space before 
: C.M.E. Credit Availabl sending check or arranging travel plans. All enrollments are 
CREDIT: - o" made through the Midas Hex office in Fort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 



















MIDAS REX" Institute 
2929 Race Street « Fort Worth, Texas 76111 
800-433-7639 © 817-831-2604 
APRIL - AUGUST 1990 


CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts in boneworking through lec- 
tures, conferences, and clinical procedures on video. 


OR personnel will participate in the same activities. 


II. Surgeons will participate in hands-on workshops with advanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 
when OR personnel have completed the course, they will have im- 

proved competence in OR support. 


III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 


their bonework per se in the time delineated:t 


CRANIUM!: Osteoplastic teffiporal flap, 1⁄2 min. * Posterior craniec- 
tomy, 45-60 Sec. * Osteoplastie posterior chaniotomy, 1-2 min. * Free tem- 
poral flap, 1 min. * Burr,hole, 3 sec. h Hemicraniotomy, 2 min. * 
Bilateral frontal flap, 3? min. ° Two ost&oplastic subdural buttons, 2 

min. * Work about the clivus *.Traction anchors * Cranioplasty. 


CRANIOFACIAL, MAXILLOFACÍAL*: Frontal * Maxillectomy * 
Zygomectomy * Orbital + Supt&- orbit, * Infra orbit + Mandibular resec- 
tion * Mandibular osteotomy *'Mándibular reduction * Facial fractures * 

Suture holes. 


ORL}: Mastoidectomy, 14-ming® Merete ndhine acoustic neuroma, 
30 min. * Orbital fossa dissection. 


SPINE?: 4-Placé laminectomy,’ 677 min. * Anterior cervical fusion with 
osteophyte remgvalj.bone graft, 3%=min.  *) Posterolateral fusions * 
Posterior interbody 'füsions-* Foraminotomies, 30. sec. * Osteophyte 
removals, 30 séc; * Harrington rod-temovals * Harrington rod transec- 
tion in situ, 2 min. e Füsions-— posterior atld anterior * Disc and nerve 

root problems) ¢ Unroofing nerves *- Taking down old fusions, 1-8 min. 


BIOPLASTICS+: Methylmethiaerylate — dissect, eeXeise, shape * 
Polyethylene’ ~—abrade in situ; dissect in situ, transect in situ, shape. 


BIOMETALS!: (Superalloys, Titanium alloys, Stainless steels) Transect 
and shape in OR, 1-6 min.; in situ, 1-6 min. 


t Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial, Max- 
illofacial, and ENT problems will be explored according to the individual 


wishes of the surgeons. 


CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 


at 1:00 p.m., allowing for other activities in the afternoon and evening. 
CREDITS: Each of these conferences qualifies for AMA-CME credit. 


FEE: Surgeon — US $965.00; Resident — US $585.00 (with letter from 
department head); All Operating Room Personnel (RN/CST/PA/Other) — 
US $250.00. Enroll by check and letter. All enrollments and fee pam 

are made through the Midas Rex Office in Fort Worth. 


For additional information, call or write. 
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"MODERN DISSECTION TECHNIQUES 
OF BONE, BIOMETALS, BIOCERAMICS, 


AND BIOPLASTICS" 
(NEURO 700) 


SYMPOSIA/HANDS-ON WORKSHOPS 


For Neurosurgeons, Plastic, Craniofacial, 
Maxillofacial, and Otolaryngological Surgeons 


EXTENSION SITES 
CLEARWATER BEACH, FL, APRIL 8-9-10. 


NASHVILLE, TN, APRIL 26-27-28. (Immedi- 
ately preceding the American Association of 
Neurological Surgeons Meeting.) 


VIENNA, AUSTRIA, MAY 18-19-20 and MAY 
26-27-28. Cosponsored by the University of Vienna 
Department of Neurosurgery. 


VANCOUVER, BRITISH COLUMBIA, CAN, 
: ~ MAY 31-June 1-2. 

CINCINNATI, OH, JUNE: 20-21-22. Cospon- 
sored by The Department of Neurosurgery Univer- 
sity of Cincinnati Medical Center, Mayfield 
Neurological Institute, The Christ-and Good 
Samaritan Hospitals. 


TRAVERSE CITY, MI, JUNE 27-28-29. Co- 
sponsored by Henry Ford Neurological Institute 
Department of Neurological Surgery. 

HILTON HEAD ISLAND, SC, JULY 23-24-25. 
Cosponsored by the Hilton Head Island Neurosur- 
gical Symposium, 1990. (Immediately precedes the 
Hilton Head Island Neurosurgical Symposium.) 


MONTEREY, CA, AUGUST 6-7-8 





PERMANENT SITES 


Hands-on workshops are held weekly in the permanent 
facility locations listed below. For schedules of these 
courses see permanent facility announcements else- 
where in this journal, or you may telephone to request a 
complete calendar of hands-on workshops. 


DALLAS/FORT WORTH, Home Office, 2929 
Race Street, Fort Worth, TX 
NEW YORK CITY, 115 East 61st Street, Lower 


Level. 

THE PALM BEACHES, 529 25th Street, West 
Palm Beach, FL 

CHICAGO, 728 West Algonquin Road, 
Arlington Heights, IL 


LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, CA 
SEATTLE, 547 Industry Drive, Tukwila, WA 


Enrollment is limited. Please call to reserve space 
before sending check or arranging travel plans. All 
enrollments are made through the home office in 
Fort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 
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“Once in a blue moon" describes the phenomenon in which 
the moon appears as à brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 jum in 
diameter, form in abundance-- an exceedingly rare event! 
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Adverse reactions reported with PARLODEL® (bromocriptine mesylate) are 
similar to those of levodopa; however, significantly more nausea, hallucina- 
tions, confusion and hypotension have been reported in patients treated with 
PARLODEL therapy. Many of these side effects can be ameliorated with dosage 
adjustments. 
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THE FIRST PHARMACOLOGIC AGENT 
TO IMPROVE NEUROLOGIC OUTCOME 
ASSOCIATED WITH VASOSPASM 


IN ANEURYSMAL 


SUBARACHNOID HEMORRHAGE 


(Hunt and Hess Grades I-III Patients) 


SIGNIFICANT ww 


REDUCTION IN THE 
SEVERITY OF 
DELAYED ISCHEMIC 
DEFICITS ASSOCIATED 
WITH VASOSPASM 

IN GOOD GRADE 
PATIENTS'** 


a As demonstrated in four 
double-blind, randomized clinical 
studies involving 823 evaluable 
patients 


8 Treatment initiated within 
96 hours of the event 


*Two clinical trials also included patients with 


Hunt and Hess Grades I'V-V.'4 


*For the side effects please see prescribing 


information. 


Please see references and 
Brief Summary of full prescribing 
information on next page. 





LOW INCIDENCE OF 
SIDE EFFECTS AT 
RECOMMENDED 
DOSAGE REGIMEN” 


8 Decreased blood pressure is 
most common side effect, 
occurring in 3.8% (19/494) of 
patients. Carefully monitor 
blood pressure during therapy — 
see Precautions section in the 
prescribing information 

E Other side effects occurring at 
a frequency of = 1.0% include 
headache, nausea, and brady- 
cardia 

8 No clinically significant effects 
on hematologic factors, renal 

or hepatic function, or carbohy- 
drate metabolism have been 
causally associated with 


NIMOTOP 


For more information 


call 1-800-642-4776. 
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w HEMODYNAMIC 


EFFECTS COMPATIBLE 
WITH SURGERY* 


8 Minimal decreases in arterial 
blood pressure 


8 Minimal changes in heart rate 


DOSAGE 
RECOMMENDATION 


a NIMOTOP therapy should 
begin within 96 hours of the 
aneurysmal subarachnoid hem- 
orrhage regardless of angio- 
graphic evidence of vasospasm 

8 Recommended dosage regimen 
is 60 mg (two 30 mg liquid-filled 
capsules) every 4 hours for 21 
consecutive days in Hunt and 
Hess Grades I-III patients 

8 NIMOTOP can be given 
orally or can be administered 
via nasogastric tubing as 
described in the prescribing 
information 
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FOR IMPROVED NEUROLOGIC OUTCOME 


BRIEF SUMMARY 


NIMOTOP* (nimodipine/Miles) CAPSULES 
For Oral Use 


INDICATIONS AND USAGE 

Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients who are 
in good neurological condition post-ictus (e.g. Hunt and Hess Grades I-III). Oral Nimotop® therapy 
should begin within 96 hours of the subarachnoid hemorrhage and continue for 21 days. 
CONTRAINDICATIONS 


None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium channel 
blocker, although they are generally not marked. In patients with subarachnoid hemorrhage given 
Nimotop® in clinical studies, about 5% were reported to have had lowering of the blood pressure and 
about 1% left the study because of this (not all could be attributed to nimodipine). Nevertheless, blood 
pressure should be carefully monitored during treatment with Nimotop® based on its known pharmacol- 
ogy and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop? is decreased in patients with impaired hepatic func- 
tion. Such patients should have their blood pressure and pulse rate monitored closely and should be given 
a lower dose (see Dosage and Administration). 


Laboratory Test Interactions: None known. 


Drug Interaction: lt is possible that the cardiovascular action of other calcium channel blockers 
could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive compounds 
taken concomitantly by patients suffering from hypertension: this phenomenon was not observed in 
North American clinical trials. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences of 
adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats given a diet 
containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) than in placebo 
controls. The differences were not statistically significant; however, the higher rates were well within 
historical control range for these tumors in the Wistar strain. Nimodipine was found nor to be carcino- 
genic in a 91-week mouse study but the high dose of 1800 ppm nimodipine-in-feed (546 to 774 mg/kg/day) 
shortened the life expectancy of the animals. Mutagenic studies, including the Ames, micronucleus and 
dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and female 
Wistar rats following oral doses of up to 30 mg/kg/day when administered daily for more than 10 weeks in 
the males and 3 weeks in the females prior to mating and continued to day 7 of pregnancy. This dose in a 
rat is about 4 times the equivalent clinical dose of 60 mg q4h in a 50 kg patient 

Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect in 
Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by gavage) 
doses of 1 and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not at 3.0 mg/kg/day 
in one of two identical rabbit studies. In the second study an increased incidence of stunted fetuses was 
seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryotoxic, causing resorption and 
stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day administered by gavage from day 6 through 
day 15 of pregnancy. In two other rat studies, doses of 30 mg/kg/day nimodipine administered by gavage 
from day 16 of gestation and continued until sacrifice (day 20 of pregnancy or day 21 post partum) were 
associated with higher incidences of skeletal variation, stunted fetuses and stillbirths but no malforma- 
tions. There are no adequate and well controlled studies in pregnant women to directly assess the effect on 
human fetuses. Nimodipine should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk at 
concentrations much higher than in maternal plasma. It is not known whether the drug is excreted in 
human milk. Because many drugs are excreted in human milk, nursing mothers are advised not to breast 
feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage (11.2%) who 
were given nimodipine. The most frequently reported adverse experience was decreased blood pressure in 
4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated patients also reported adverse 
experiences. The events reported with a frequency greater than 1% are displayed below by dose. 





DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg mg 120mg 

Sign/Symptom (n=82) (n=71) (n= 494) (n2 172) (n=4) (n= 479) 
Decreased Blood Pressure 1 (1.2) 0 19 (5 14(81) 2(500) 6(12) 
Abnormal Liver Function Test 1(1.2) 0 2 (0.4 1(0.6) 0 7 (1.5) 
Edema 0 0 2 (0.4) 2(1.2) 0 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3(17) 0 3 (0.6) 
Rash 2 (2.4) 3 (0.6) 2(1.2) 0 3 (0.6) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal Symptoms 2 (2.4) 0 0 2(12) 0 0 
Nausea 1(1.2) 1 (1.4) 6 (1.2 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 0 0 
EKG Abnormalities 0 1 (1.4) 0 1(0.6) 0 0 
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DOSE q4h 
Number of Patients (%) 


Nimodipine Placebo 
. 0.35 mg/kg 30 mg 60 90 my 120 m 

Sign/Symptom (n 282) (n 7 71) (n = 494) (n 2 172) (n=4) (n= 479) 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 o 5(1.0) 1(0.6) 0 o 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg qth, 
30 mg q4h or 120 mg q4h. Adverse experiences with an incidence rate of less than 1% in the 60 mg q4h 
dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; anemia; palpita- 
tions; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity; lightheadedness; dizziness; rebound 
vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 196 in the 90 mg q4h dose group were: itching; 
gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; diaphoresis; con- 
gestive heart failure; hyponatremia; decreasing platelet count; disseminated intravascular coagulation; 
deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on increased 
incidence with higher dose or a higher rate compared to placebo control, included decreased blood 
pressure, edema and headaches which are known pharmacologic actions of calcium channel blockers. It 
must be noted, however, that SAH is frequently accompanied by alterations in consciousness which lead 
toan under reporting of adverse experiences. Patients who received nimodipine in clinical trials for other 
indications reported flushing (2.196), headache (4.1%) and fluid retention (0.3%), typical responses to 
calcium channel blockers. As a calcium channel blocker, nimodipine may have the potential to exacer- 
bate heart failure in susceptible patients or to interfere with A-V conduction, but these events were not 
observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohydrate 
metabolism have been causally associated with oral nimodipine. Isolated cases of non-fasting elevated 
serum glucose levels (0.896), elevated LDH levels (0.496), decreased platelet counts (0.396), elevated 
alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been reported rarely. 
OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Symptoms of 
overdosage would be expected to be related to cardiovascular effects such as excessive peripheral vasodila- 
tion with marked systemic hypotension, Clinically significant hypotension due to Nimotop® overdosage 
may require active cardiovascular support. Norepinephrine or dopamine may be helpful in restoring blood 
pressure. Since Nimotop? is highly protein-bound, dialysis is not likely to be of benefit. 

DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarachnoid 
hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral Nimotop® 
therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If che capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, a hole 
should be made in both ends of the capsule with an 18 gauge needle, and the contents of the capsule 
extracted into a syringe. The contents should then be emptied into the patient's in situ naso-gastric tube 
and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled Cmax: 
Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood pressure and heart rate 
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CALENDAR OF MEETINGS 


Tenth Annual American Medical Association Health Reporting Conference, The Westin Hotel, Den- 
ver, Colo. Contact Jill Stewart, Room 4277, Health Reporting Conference Coordinator, American 
Medical Association, 535 N Dearborn St, Chicago, IL 60610-9986; (312) 645-5102. 
Forty-second World Health Day, sponsored by the World Health Organization, Geneva, Switzerland. 
Contact World Health Organization, Division of Public Information and Public Relations, Office 5066, 
CH-1211 Geneva 27, Switzerland. 

Meeting of the Neurosurgical Society of America, The Inn at Spanish Bay, Pebble Beach, Calif. 
Contact Russel W. Hardy, MD, University Neurosurgeons of Cleveland Inc, 2074 Abington Rd, 
Cleveland, OH 44106; (216) 844-3004. 

The Third International Congress of the World Apheresis Association, Amsterdam, the Netherlands. 
Contact Congress Secretariat, Third International Congress of the World Apheresis Association, 
c/o RAI Organisatie Bureau Amsterdam, Europaplein 12, 1078 GZ Amsterdam, the Netherlands. 
31st National Student Research Forum, University of Texas Medical Branch, Galveston. Contact 
National Student Research Forum, Room 209, Family Medicine Bldng, Route H-56, The University 
of Texas Medical Branch, Galveston, TX 77550; (409) 761-3762. 

The First International Congress of Movement Disorders, Washington, DC. Contact Mark Hallett, 
MD, National Institute of Neurologic Disorders and Stroke, National Institutes of Health, Bldg 10, 
Room 5N226, Bethesda, M D 20892. 

First International Congress of Movement Disorders, Washington, DC. Contact Secretariat, Inter- 
national Society of Movement Disorders, CH-4005 Basel, Switzerland. 

Clinical Neuroradiology Seminar, The Reach Resort, Key West, Fla. Contact F. Reed Murtagh, MD, 
3301 W Oak Dr, Tampa, FL 33612-9413; (813) 972-3351. 

American Academy of Neurology Meeting, Fontainebleau Hilton, Miami Beach, Fla. Contact Amer- 
ican Academy of Neurology, 2221 University Ave SE, Suite 335, Minneapolis, MN 55414; (612) 
623-8115. 

Third International Brain Workshop in Neurodevelopment, Aging and Cognition, Dubrovnik, Yugo- 
slavia. Contact Dr S. Knezevic, Department of Neurology, University Hospital Rebro, Kispaticeva 
12, 41000 Zagreb, Yugoslavia. 

International Symposium on Thrombolytic Therapy in Acute Ischemic Stroke, Heidelberg, West 
Germany. Contact Matthias Hirschberg, MD, Department of Neurology, University of Heidelberg, Im 
Neuenheimer Feld 400, D-6900 Heidelberg, West Germany. 

European Stroke Conference, Düsseldorf, West Germany. Contact M. Hennerici, MD, Neurologis- 
che Klinik, Universitát Düsseldorf, Moorenstrasse 5, 4000-Düsseldorf 1, West Germany. 
Second Annual Symposium on Treatment of Headaches and Facial Pain, Brooklyn Heights, NY. 
Contact Dr Alexander Mauskop, Program Director, The Downstate Headache Center, 132 Atlantic 
Ave, Brooklyn Heights, NY 11201; (718) 780-1123. 

The Ninth Biennial Conference of the Pan African Association for Neurological Sciences, Harare, 
Zimbabwe. Contact Professor L. F. Levy, 5 Montagu Ave, Harare, Zimbabwe. 

"Diagnosis and Treatment of Headaches in Adults and Children," The Cleveland (Ohio) Clinic 
Foundation. Contact The Cleveland Clinic Educational Foundation, Department of Continuing Ed- 
ucation, 9500 Euclid Ave, TT31, Cleveland, OH 44195-5241; 800-762-8172 (Ohio), 800-762-8173 
(outside Ohio). 

"Blood Vessel Imaging Using Ultrasound Techniques," Dolphin Hotel, Southampton, England. 
Contact Mr K. N. Humphries, Blood Vessel Imaging Course, 10 Swale Dr, Chandlers Ford, Hamp- 
shire S05 3QY, United Kingdom. 

"Update on Neuromuscular Disease: A Multidisciplinary Approach," The Cleveland (Ohio) Clinic 
Foundation. Contact The Cleveland Clinic Educational Foundation, Department of Continuing Ed- 
ucation, 9500 Euclid Ave, TT31, Cleveland, OH 44195-5241; 800-762-8172 (Ohio), 800-762-8173 
(outside Ohio). 

Meeting of The Society of Neurological Surgeons, Ann Arbor, Mich. Contact James |. Ausman, MD, 
2799 W Grand Blvd, Detroit, MI 48202; (313) 876-1340. 

The 18th Annual Hans Berger Clinical Neurophysiology Symposium, Richmond, Va. Contact Hans 
Berger Day Symposium, Attention Ms Streeter, Department of Neurology, Medical College of Vir- 
ginia, PO Box 453, Richmond, VA 23298; (804) 786-0840. 

“Excitatory Amino Acids 1990,” Padova, Italy. Contact Fidia Research Foundation, 3247 Q St NW, 
Suite 200, Washington, DC 20007. 

Second Annual Meeting of the South East European Society for Neurology and Psychiatry and the 
American Society of Neuroimaging, Venice, Italy. Contact Linda J. Wilkerson, American Society of 
Neuroimaging, 222 1 University Avenue SE, Suite 340, Minneapolis, MN 55414; (612) 378-7240. 
Miami Children's Hospital 11th Annual Child Neurology Postgraduate Course, Sonesta Beach Ho- 
tel, Key Biscayne, Fla. Contact Oscar Papazian, MD, Miami Children's Hospital, Department of 
Neurology, 3200 SW 60th Ct, Miami, FL 33155; (305) 662-8330. 

Neurological and Neuropsychological Complications of Human Immunodeficiency Virus Infection, 
Monterey, Calif. Contact Dr Robert M. Levy, Cochairman, Department of Surgery (Neurosurgery) 
and Physiology, Northwestern University Medical School, Wesley Pavilion 928, 250 Superior St, 
Chicago, IL 60611; (312) 908-0708. 

Eighth International Symposium on Brain Edema, Bern, Switzerland. Contact H. J. Reulen, MD, De- 
partment of Neurosurgery, University of Bern, Inselspital, CH-3010 Bern, Switzerland. 

“Epilepsy Surgery,’ sponsored by The Cleveland (Ohio) Clinic Foundation. Contact Department of 
Continuing Education, 9500 Euclid Ave, Room TT-31, Cleveland, OH 44195-5241; 800-762-8172 
(Ohio), 800-762-8173 (outside Ohio). 
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New EMG performance standards were set by the 
legendary Nicolet Viking. Now there's Viking Il. More 
exciting graphics. Enhanced ease of use. Greater 
flexibility. And it's more affordable. 

A broad range of hardware and software choices 
allow you to match both performance and price to the 
needs of your practice. And when your needs change, 
Viking IH can change, too. Add from two to eight amplifier 
channels. Auditory and visual stimulators. Additional data 
storage capacity. A broad range of printers. And more. 

Add as much as you want, or as little as you need, 
for a price you can afford: 

e Basic EMG and Nerve Conduction 


The Nicolet Viking II Electrodiagnostic System 


Legendary EMG 
performance in 
a flexible new 


package. 


IBM is a registered 
trademark of International 
Business Machines. 


e Single fiber EMG, quantitative EMG (including motor 
unit and interference pattern analysis ) 
@ Improved Auditory, Visual and Somatosensory Evoked 
Potentials 
e Intraoperative monitoring 
All this, plus the ability to install your DOS and 
IBM-compatible programs, means you get even more 
value from your instrument. 
For more information, call 
toll-free 1-800/356-0007 today. Nicolet 
INSTRUMENTS OF DISCOVERY 


5225 Verona Rd., Madison, WI 53711-4495 
(608) 271-3333 or FAX (608) 273-5067 





Books 


Major Problems in Neurology: Neurology of Preg- 
nancy, 2nd ed, by John O. Donaldson, 347 pp, Phil- 
adelphia, Pa: WB Saunders Co; 1989. 

The first edition of Donaldson's 
monograph is difficult to locate in the 
dim recesses of the library stacks. The 
title on the spine of the book has been 
worn to illegibility by its frequent use 
over the past decade. I predict that the 
second edition will receive similar us- 
age at the hands of clinicians and stu- 
dents. I would hope that part of the 
300% increase in price compared with 
the first edition has been invested in 
more durable embossing of the cover. 

Many readers of the first edition will 
first turn to the section concerning the 
use of magnesium sulfate in the treat- 
ment of eclampsia. Donaldson has up- 
dated the data but has not changed his 
conclusion that magnesium sulfate is 
not indicated as an antihypertensive 
or antiseizure medication in eclamp- 
sia. Although many obstetricians will 
disagree, I believe that the studies 
cited and reasoning presented in the 
chapter will persuade most neurolo- 
gists. 

The initial chapter of the book is a 
unique review of the neuroanatomy of 
the female reproductive system. The 
remaining 12 chapters consider the in- 
teractions between pregnancy and 
neurological conditions, such as epi- 
lepsy, multiple sclerosis, and muscle 
disease. Each subject is introduced by 
a brief description aimed at the non- 
neurologist. The ensuing discussion 
covers both the effect of pregnancy on 
neurological diseases and the reverse. 
In addition to such expected topics as 
myasthenia gravis and chorea gravi- 
darum, the book surveys a wide range 
of entities from the mundane (cramps) 
to the exotic (kuru). Even subjects not 
directly involving pregnancy, such as 
genital sensory seizures and coital 
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headaches, are included, since gynecol- 
ogists are apt to be consulted about 
them. 

The book's greatest appeal is its dis- 
tillation of masses of often conflicting 
literature into practical, well- 
reasoned guidelines for management 
of patients. The text is clearly stated 
and readable. The addition of bibliog- 
raphies, helpfully arranged by subject 
matter, provides the reader with ac- 
cess to pertinent review articles in ad- 
dition to the references cited in the 
chapters. Illustrations and tables add 
to the clarity of the work. 

As with any such book by a single 
author, certain idiosyncrasies occur. 
The currently accepted nomenclatures 
of seizure disorders and psychiatric 
disorders are not even listed. This 
might leave obstetricians bewildered 
by such diagnoses as “complex partial 
seizures with secondary generaliza- 
tion" and "adjustment disorder with 
depressed mood." The section on psy- 
chiatry is superficial and excessively 
reliant on psychodynamic theory. Not 
even passing reference is made to the 
most common neurotropic contagion 
of our day, human immunodeficiency 
virus type I, or to the topic of a recent 
widely reported ethical dilemma, the 
effect of pregnancy on posttraumatic 
coma. 

Overall, Donaldson’s treatment of 
the interactions between neurology 
and reproductive medicine remains 
unsurpassed. The comprehensiveness 
and comprehensibility of the book 
make it indispensable for clinical neu- 
rologists who consult obstetrical pa- 
tients from time to time and for obste- 
tricians who must face neurological 
complications of all magnitudes in 


their day-to-day practice. 
DANIEL W. GIANG, MD 
Rochester, NY 


The Ventricle of Memory: Personal Recollections of 
Some Neurologists, by Macdonald Critchley, 223 pp, 
$39, New York, NY: Raven Press; 1990. 


This is a wonderful series of per- 
sonal impressions of 21 neurologists 
with whom Dr Critchley was associ- 
ated during the course of his career. 
The chief locations were London, En- 
gland; Paris, France; and New York, 
NY. The anecdotes, both personal and 
professional, are entertaining. This 
book recreates the atmosphere of neu- 
rology as an intellectual discipline, be- 
fore its erosion by the use of the com- 
puted tomographic scan, automated 
multiple analysis systems, and ther- 
apy. Indeed, a note of regret on this 
revolution is sounded by Dr Critchley, 
eg, on René Leriche: “It is to be hoped 
that his real greatness will not be for- 
gotten in this present era of scientific 
endeavor”; on Monrad-Krohn: “He 
was not a neuroscientist but essen- 
tially a clinician, which perhaps en- 
tails qualities that are more elusive, 
more difficult to acquire, and more di- 
rectly in line with a making of a good 
doctor"; and, on Graeme Robertson; 
“Like so many other neurologists, 
Graeme was an eccentric.” Eccentric- 
ity would, indeed, be less needed for a 
knowledge of neurotransmission than 
for fine clinical localization. 

Needless to say, the book is written 
in the felicitous prose for which Dr 
Critchley is famous. There are a few 
minor editoral slips, eg, “novello” for 
“novella,” H. V. Pritchett for V. S. 
Pritchett, and misuse of the word “bi- 
belot.” These will no doubt be cor- 
rected in the second edition. 


Maurice H. CHARLTON, MD 
Rochester, NY 
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Initiate Eldepryl = 
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Therapy 


* No titration required 


* Rx 10 mg./day 5 mg. b.i.d. 
: breakfast and lunch 


* No dietary restriction 





In patients taking levodopa/carbidopa 
Eldepryl can: 


Conserve dopamine two ways: 


* blocks dopamine inactivation by MAO-B: 
may block dopamine re-uptake at pre-synaptic receptor 


* makes more dopamine available to 
post-synaptic receptor 


Improve Symptom Control 


* reduce “on-off? decrease tremor and sialorrhea, 
improve overall disability 


After 2 or 3 days, 

if dopaminergic 
side-effects appear 
(eg. dyskinesias) 
begin reducing 
levodopa/carbidopa. 


SELEGILINE HYDROCHLORIDE 


Please see brief summary of prescribing information on the next page. 
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Tablets 
g* Somerset 
1%” PHARMACEUTICALS. INC. 
DENVILLE, NJ 07834 
BRIEF SUMMARY 
CLINICAL PHARMACOLOGY: 


The mechanisms accounting for selegiline’s beneficial adjunctive action in the treatment of 
Parkinson's disease are not fully understood Inhibition of monoamine oxidase, type B, activity 
is generally considered to be of primary importance; in addition, there is evidence that selegiline 
may act through other mechanisms to increase dopaminergic activity 


INDICATIONS AND USAGE: 

ELDEPRYL is indicated as an adjunct in the management of Parkinsonian patients being treated 
with levodopa/carbidopa who exhibit deterioration in the quality of their response to this therapy. 
There is no evidence from controlled studies that selegiline has any beneficial effect in the 
absence of concurrent levodopa therapy. 

Evidence supporting this claim was obtained in randomized controlled clinical investigations 
that compared the effects of added selegiline or placebo in patients receiving levodopa/car- 
bidopa. Selegiline was significantly superior to placebo on all three principal outcome measures 
employed: change from baseline in daily levodopa/carbidopa dose, the amount of ‘off’ time, 
and patient self-rating of treatment success. Beneficial effects were also observed on other 
measures of treatment success (e.g., measures of reduced end of dose akinesia, decreased 
tremor and sialorrhea, improved speech and dressing ability and improved overall disability as 
assessed by walking and comparison to previous state) 


CONTRAINDICATIONS: 
ELDEPRYL is contraindicated in patients with a known hypersensitivity to this drug 


WARNINGS: 
Selegiline should not be used at doses ex those recommended (10 mg/da 
because of the risks associated tede iu of MAO. "o 


The selectivity of selegiline for MAO B may not be absolute even at the recommended 
daily dose of 10 mg a day and selectivity is further diminished with dee egre doses. The 
precise dose at which selegiline becomes a non-selective inhibitor of all MAO is unknown, but 
may be in the range of 30 to 40 mg a day. 

Because of reports of fatal interactions, MAOIs are ordinarily contraindicated for use with 
meperidine (DEMEROL & other tradenames). This warning is often extended to other opioids 
Because the mechanism of interaction between MAOIs and meperidine is unknown, it seems 
prudent, in general, to avoid this combination 


PRECAUTIONS: 

General 

Some patients given selegiline may experience an exacerbation of levodopa associated side 
effects, presumably due to the increased amounts of dopamine reacting with super-sensitive 
post-synaptic receptors. These effects may often be mitigated by reducing the dose of levodopa/ 
carbidopa by approximately 10 to 30% 

The decision to prescribe selegiline should take into consideration that the MAO system 
of enzymes is complex and incompletely understood and there is only a limited amount of 
carefully documented clinical experience with selegiline Consequently, the full spectrum of 
possible responses to selegiline may not have been observed in pre-marketing evaluation of 
the drug. It is advisable, therefore, to observe patients closely for atypical responses 


Information for Patients 
Patients should be advised of the possible need to reduce levodopa dosage after the initiation 
of ELDEPRYL therapy. 

Patients (or their families if the patient is incompetent) should be advised not to exceed 
the daily recommended dose of 10 mg. The risk of using higher daily doses of selegiline should 
be explained, and a brief description of the ‘cheese reaction provided. While hypertensive 
reactions with selegiline have not been reported, documented experience is limited. Con- 
sequently, it may be useful to inform patients (or their families) about the signs and symptoms 
associated with MAOI induced hypertensive reactions. In particular, patients should be urged 
to report, immediately, any severe headache or other atypical or unusual symptoms not previously 
experienced. 


Laboratory Tests 
No specific laboratory tests are deemed essential for the management of patients on ELDEPRYL 
Periodic routine evaluation of all patients, however, is appropriate 


Drug Interactions 
No interactions attributed to the combined use of selegiline and other drugs have been reported 
However, because the database of documented clinical experience is limited, the level of 
reassurance provided by this lack of adverse reporting is uncertain (See WARNINGS and 
PRECAUTIONS.) 


Carcinogenesis, Mutagenesis, and Impairment of Fertility 

Studies have not been performed to date to evaluate the carcinogenic potential of selegiline 
hydrochloride 

Pregnancy 

Pregnancy category C. Insufficient animal reproduction studies have been done with selegiline 
to conclude that selegiline poses no teratogenic risk. However, one rat study carried out at 
doses as much as 180 fold the recommended human dose revealed no evidence of a teratogenic 
effect. It is not known whether selegiline can cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Selegiline should be given to a pregnant woman 
only if clearly needed 


Nursing Mothers 

It is not known whether selegiline hydrochloride is excreted in human milk. Because many 
drugs are excreted in human milk, consideration should be given to discontinuing the use of 
all but absolutely essential drug treatments in nursing women 


Pediatric Use 
The effects of selegiline hydrochloride in children have not been evaluated 


ADVERSE REACTIONS: 
Introduction 
The number of patients who received selegiline in prospectively monitored pre-marketing studies 
is limited. While other sources of information about the use of selegiline are available (e.g., 
literature reports, foreign post-marketing reports, etc.) they do not provide the kind of information 
necessary to estimate the incidence of adverse events. Thus, overall incidence figures for 
adverse reactions associated with the use of selegiline cannot be provided. Many of the adverse 
reactions seen have been also reported as symptoms of dopamine excess 

Moreover, the importance and severity of various reactions reported often cannot be ascer- 
tained. One index of relative importance, however, is whether or not a reaction caused treatment 
discontinuation. In prospective pre-marketing studies, the following events led, in decreasing 
order of frequency, to discontinuation of treatment with selegiline: nausea, hallucinations, con- 
fusion, depression, loss of balance, insomnia, orthostatic hypotension, increased akinetic in- 
voluntary movements, agitation, arrhythmia, bradykinesia, chorea, delusions, hypertension, new 
or increased angina pectoris and syncope. Events reported only once as a cause of discontinu- 
ation are ankle edema, anxiety, burning lips/mouth, constipation, drowsiness/lethargy, dystonia, 
excess perspiration, increased freezing, gastrointestinal bleeding, hair loss, increased tremor, 
nervousness, weakness and weightloss 

Experience with ELDEPRYL obtained in parallel, placebo controlled, randomized studies 
provides only a limited basis for estimates of adverse reaction rates. The following reactions 
that occurred with greater frequency among the 49 patients assigned to selegiline as compared 
to the 50 patients assigned to placebo in the only parallel, placebo controlled trial performed 
in patients with Parkinson's disease are shown in the following Table. None of these adverse 
reactions led to a discontinuation of treatment. 
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EXPERIENCES IN 
: THE PLACEBO-CONTROLLED CLINICAL TRIAL 


Adverse Event Number of Patients Reporting Events 
selegiline placebo 
hydrochloride 
N=49 N=50 

Nausea 10 
Dizziness/Lightheaded/Fainting 
Abdominal Pain 
Confusion 
Hallucinations 
Dry mouth 
Vivid Dreams 
Dyskinesias 
Headache 


The following events were reported once in either or both groups: 
Ache, generalized 
Anxiety/Tension 
Anemia 

Diarrhea 

Hair Loss 
Insomnia 
Lethargy 

Leg pain 

Low back pain 
Malaise 
Palpitations 
Urinary Retention 
Weight Loss 
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In all prospectively monitored clinical investigations, enrolling approximately 920 patients, 
the following adverse events, classified by body system, were reported 


CENTRAL NERVOUS SYSTEM: 
Motor/Coordination/Extrapyramidal: increased tremor, chorea, loss of balance, restlessness, 
blephorospasm, increased bradykinesia, facial grimace, falling down, heavy leg, muscle twitch’, 
myoclonic jerks’, stiff neck, tardive dyskinesia, dystonic symptoms, dyskinesia, involuntary 
movements, freezing, festination, increased apraxia, muscle cramps 

Mental Status/Behavioral/Psychiatric: hallucinations, dizziness, confusion, anxiety, depres- 
sion. drowsiness, behavior/mood change, dreams/nightmares, tiredness, delusions, disorienta- 
tion, lightheadedness, impaired memory’, increased energy", transient high’, hollow feeling, 
lethargy/malaise, apathy, overstimulation, vertigo, personality change, sleep disturbance, re- 
stlessness, weakness, transient irritability. 

Pain/Altered Sensation: headache, back pain, leg pain, tinnitus, migraine, supraorbital pain, 
throat burning, generalized ache, chills, numbness of toes/fingers, taste disturbance 


AUTONOMIC NERVOUS SYSTEM: 
dry mouth, blurred vision, sexual dysfunction 


CARDIOVASCULAR: 
orthostatic hypotension, hypertension, arrhythmia, palpitations, new or increased angina pec- 
toris, hypotension, tachycardia, peripheral edema, sinus bradycardia, syncope 


GASTROINTESTINAL: 
nausea/vomiting, constipation, weight loss, anorexia, poor appetite, dysphagia, diarrhea 
heartburn, rectal bleeding, bruxism* 


GENITOURINARY/GYNECOLOGIC/ENDOCRINE: 

slow urination, transient anorgasmia’, nocturia, prostatic hypertrophy, urinary hesitancy, urinary 
retention, decreased penile sensation’, urinary frequency. 

SKIN AND APPENDAGES: 

increased sweating, diaphoresis, facial hair, hair loss, hematoma, rash, photosensitivity. 


MISCELLANEOUS: 
asthma, diplopia, shortness of breath, speech affected 
"indicates events reported only at doses greater than 10 mg/day. 


OVERDOSAGE: 
Selegiline 
No specific information is available about clinically significant overdoses with ELDEPRYL. How- 
ever, experience gained during selegilines development reveals that some individuals exposed 
to doses of 600 mg d.! selegiline suffered severe hypotension and psychomotor agitation 
Since the selective inhibition of MAO B by selegiline hydrochloride is achieved only at 
doses in the range recommended for the treatment of Parkinson's disease (e.g.. 10 mg/day), 
overdoses are likely to cause significant inhibition of both MAO A and MAO B. Consequently, 
the signs and symptoms of overdose may resemble those observed with marketed non-selective 
MAO “es [e.g.. tranylcypromine (PARNATE), isocarboxazide (MARPLAN), and phenelzene 
(NARDIL) 


Overdose with Non-Selective MAO Inhibition 
NOTE: This section is provided for reference; it does not describe events that have actually 
been observed with selegiline in overdose 

Characteristically, signs and symptoms of non-selective MAO! overdose may not appear 
immediately. Delays of up to 12 hours between ingestion of drug and the appearance of signs 
may occur. Importantly, the peak intensity of the syndrome may not be reached for upwards of 
a day following the overdose. Death has been reported following overdosage. Therefore, im- 
mediate hospitalization, with continuous patient observation and monitoring for a period of at 
least two days following the ingestion of such drugs in overdose is strongly recommended. 

The clinical picture of MAO! overdose varies considerably; its severity may be a function 
of the amount of drug consumed. The central nervous and cardiovascular systems are promi- 
nently involved. 

Signs and symptoms of overdosage may include, alone or in combination, any of the 
following: drowsiness, dizziness, faintness, irritability, hyperactivity, agitation, severe headache, 
hallucinations, trismus, opisthotonus, convulsions, and coma: rapid and irregular pulse, hyper- 
tension, hypotension and vascular collapse; precordial pain, respiratory depression and failure, 
hyperpyrexia, diaphoresis, and cool, clammy skin 
Treatment Suggestions for Overdose 
NOTE: Because there is no recorded experience with selegiline overdose, the following sugges- 
tions are offered based upon the assumption that selegiline overdose may be modeled by 
non-selective MAOI poisoning. In any case, up-to-date information about the treatment of over- 
dose can often be obtained from a certified Regional Poison Control Center. Telephone numbers 
of certified Poison Control Centers are listed in the Physicians Desk Reference (PDR). 

Treatment of overdose with non-selective MAOIs is symptomatic and supportive. Induction 
of emesis or gastric lavage with instillation of charcoal slurry may be helpful in early poisoning, 
provided the airway has been protected against aspiration Signs and symptoms of central 
nervous system stimulation, including convulsions, should be treated with diazepam, given 
slowly intravenously. Phenothiazine derivatives and central nervous system stimulants should 
be avoided. Hypotension and vascular collapse should be treated with intravenous fluids and, 
if necessary, blood pressure titration with an intravenous infusion of a dilute pressor agent. It 
should be noted that adrenergic agents may produce a markedly increased pressor response 

Respiration should be supported by appropriate measures, including management of the 
airway, use of supplemental oxygen, and mechanical ventilatory assistance, as required 

Body temperature should be monitored closely. Intensive management of hyperpyrexia 
may be required. Maintenance of fluid and electrolyte balance is essential 


DOSAGE AND ADMINISTRATION: 

ELDEPRYL is intended for administration to Parkinsonian patients receiving levodopa/carbidopa 
therapy who demonstrate a deteriorating response to this treatment. The recommended regimen 
for the administration of ELDEPRYL is 10 mg per day administered as divided doses of 5 mg 
each taken at breakfast and lunch. There is no evidence that additional benefit will be obtained 
from the administration of higher doses. Moreover, higher doses should ordinarily be avoided 
because of the increased risk of side effects. 

After two to three days of selegiline treatment, an attempt may be made to reduce the 
dose of levodopa/carbidopa. A reduction of 10 to 30% was achieved with the typical participant 
in the domestic placebo controlled trials who was assigned to selegiline treatment. Further 
reductions of levodopa/carbidopa may be possible during continued selegiline therapy. 
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The Morphological Substrate of 
Cerebral Asymmetry: the Problem 
of Its Measurement 


To the Editor.—Albanese et al! ana- 
lyzed the asymmetry of weight and 
cortical surface in the anterior speech 
region of the inferior frontal gyrus and 
its different parts. They found a left 
predominance in the posterior portion, 
which is concerned with language. 
Their results showed an excellent cor- 
relation between weight and surface 
values. The weight and surface ratio 
was the same for the portions related 
to language and different for the re- 
mainder of the inferior frontal gyrus. 
This was the most recent of a series of 
articles?" trying to find a morpholog- 
ical substrate for functional asymme- 
tries. All these articles have in com- 
mon the fact that they used unsuitable 
methods to achieve their goal. 

The most reliable method to detect 
Structural differences between brain 
regions is quantitative morphology or 
morphometry. These evaluation pro- 
cedures have been applied to prove or 
disprove structural differences be- 
tween the left and right hemisphere," 
between male and female, and be- 
tween young and old brains. 

Stereology, a morphometric disci- 
pline, is a body of mathematical meth- 
ods relating three-dimensional pa- 
rameters defining the structure to 
two-dimensional measurements ob- 
tainable on sections of the structures. 
Stereological procedures give objec- 
tive, reproducible, and reliable values 
for volume, surface area, profile area, 
and length and number of structures. 

In none of the articles?" dealing 
with measurement of structural brain 
asymmetry have stereological princi- 
ples been applied, and the basic prin- 
ciples of stochastic geometry have not 
been followed. Therefore, the quality 
and reliability of the published results 
and the conclusions are questionable. 
Several authors used rulers to obtain 
linear (one-dimensional) measure- 
ments of brain structures either on 
autopsy material or on computed to- 
mographic images.2**!"" The main 
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problem is the definition of unequivo- 
cal constant reference points or lines 
for the subsequent measurements. 
Since the variation of gyri and sulci is 
very high this has not been followed 
and thus unbiased results could be 
achieved. 

Tracing the contours of brain struc- 
tures (planimetry) leads to two-di- 
mensional results. The measured pro- 
file area of a structure in one slice of 
one hemisphere was related to that of 
the other hemisphere.?' However, 
the results are biased due to the fact 
that the sectioning plane is mostly not 
identical on the left and right side. 
This holds for brains obtained at au- 
topsy, as well as for computed tomo- 
graphic or magnetic resonance images. 

Surface area (a two-dimensional pa- 
rameter) and volume (a three-dimen- 
sional parameter) can easily be esti- 
mated by stereology. It does not re- 
quire complicated handling of brain 
material as described by Albanese and 
coworkers. Serial sections through 
the whole brain or through one struc- 
ture of interest are used for the eval- 
uation.'^" 

Applying stereological methods we 
could only find slight differences be- 
tween the two hemispheres." The vol- 
ume of the orbital part of the frontal 
cortex, the rhinencephalon, and the 
hippocampus showed, in the right 
hemisphere, a distinctly increased 
volume." 

Morphometry gives objective, reli- 
able, and reproducible results. The aim 
of forthcoming investigations on 
structural brain asymmetries should 
be directed toward the application of 
these techniques; then the results of 
different research groups can be com- 
pared with each other. Furthermore, 
clear criteria of the boundaries of dif- 
ferent brain regions must be defined in 
order to avoid one main source of 


divergent results. 
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In Reply.—In their letter, Weis and 
Haug! analyze the problem of the mea- 
surement of the morphological sub- 
strate of cerebral asymmetry. In a re- 
cent work, we describe a method to 
measure the total surface of any por- 
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tion of the cerebral cortex. This proce- 
dure permits the determination of the 
absolute values of the surface extent of 
the superficial, as well as the deep, 
cortex. 

In order to determine the reproduc- 
ibility of this method, the surface ex- 
tent of the cerebral cortex of the same 
anatomic piece was measured nine 
times and the X + SD were8.33 + 0.16 
em’, which gives a coefficient of varia- 
tion of only 1.92%. 

Consequently, we consider that this 
method fulfils the necessary require- 
ments to be used to determine absolute 
values of the extent of cortical surface. 

On the other hand, as the gyri and 
their respective portions are isolated 
in a standard manner, the anatomic 
pieces are useful for the study of 
weight asymmetry. 

Furthermore, as the anatomic piece 
is recovered unaltered, it may be used 
either for any study that can be carried 
out in fixed material, as for instance, 
cytoarchitecture, or, as we did to check 
the reproducibility of the method, to 
measure several times the surface ex- 
tent of one portion of cerebral cortex. 

We agree with Weis and Haug! when 
they say that boundaries of different 
brain regions must be clearly defined 
so that the results of the different re- 
search groups could be compared with 


each other. 
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Natural Killer Cell Activity in 
Patients With Dementia of the 
Alzheimer Type 


To the Editor.—In Alzheimer's dis- 
ease, several cellular alterations have 
been reported, not only about the cen- 
tral nervous system, but also about the 
non-neuronal tissues, including al- 
tered membrane fluidity of platelets’ 
and decreased adhesiveness of fibro- 
blasts.? Since the gene for amyloid 
precursor protein has been reported to 
be located on chromosome 21,’ recent 
studies indicate that the abnormalities 
of Alzheimer’s disease are not re- 
stricted to the brain. Patients with 
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trisomy of chromosome 21 (Down's 
syndrome), who exhibit characteris- 
tics similar to Alzheimer's changes in 
the brain, have been reported as hav- 
ing abnormal natural killer cell activ- 
ity This seems to be a plausible ex- 
planation for the increased frequency 
of infection and leukemia. 

To our knowledge, natural killer cell 
activity has never been described in 
Alzheimer's disease. 


Subjects and Methods.—Fifty-seven pa- 
tients (9 men and 48 women; mean age; 78.5 
years old) with dementia of the Alzheimer 
type (DAT) and 39 normal healthy controls 
(4 men and 35 women; mean age, 77.2 years 
old) were examined. The diagnosis of DAT 
was made according to the diagnostic crite- 
ria in the Diagnostic and Statistical Manual 
of Mental Disorders-III-R.* For assessment 
of these subjects, we used the Mini-Mental 
State Examination! and an ischemic score.* 
Computed tomographic scans were per- 
formed on all patients with DAT. The mean 
Mini-Mental State Examination score for 
patients with DAT was 11.4 (SD, 5.6; range, 
0 to 22); mean ischemic score, 2.1 (SD, 0.9; 
range, 0 to 4). 

Peripheral blood lymphocytes were ob- 
tained by Ficoll-Hypaque centrifugation,’ 
and adherent cells were removed by plastic 
plate adherence. K-562 cells susceptible to 
human natural killer cells were used for 
target cells. Assay for natural killer cell 
activity was performed by the chromium 51 
releasing method.’ Effector:target ratios 
were 10:1, 20:1, and 50:1. Natural killer cell 
activity (percent of specific lysis) in each 
effector: target ratio was calculated by the 
formula: ((Test Counts per Minute — Spon- 
taneous Counts per Minute)/(Maximum 
Counts per Minute — Spontaneous Counts 
per Minute)) X 100. Data were reported in 
terms of lytic units, defined as 10 units per 
10° effector cells needed to cause 50% cyto- 
toxieity of target cells. For assessment of 
effects of natural killer cell activity by 
interferon alfa, lymphocytes were incu- 
bated with 1000 U/mL of interferon alfa for 
18 hours and then were assayed for natural 
killer cell activity. Natural killer cell activ- 
ity was reported in terms of percent of spe- 
cific lysis at an effector: target ratio of 10:1. 

To assay the subsets of lymphocytes used 
for natural killer cell activity, two-color 
analysis by using monoclonal antibodies of 
fluorescein-isothiocyanate-labeled Leu 7 
and phycoerythrin-labeled Leu 11 were per- 
formed with an automatched fluorescence- 
activated cell sorter. The natural killer cell 
subsets in decreasing order of cytotoxic ac- 
tivity are Leu 11+ Leu T- cells, Leu 11* Leu 
7+ and Leu 11- Leu 74.0 

Statistical analyses were performed us- 
ing Wilcoxon’s rank sum test. 

Lytie units of patients with DAT 
(3.89 + 3.08) were significantly lower than 
those for normal controls (8.25 + 9.99) 
(P « .01). The percent of specific lysis in- 
duced by interferon alfa in DAT 
(55.67% + 20.71%) was significantly lower 
than in the normal controls 
(70.85% + 15.7295) (P < .01). The correla- 


tion coefficient for lytic units and Mini- 
Mental State Examination score was 0.11 
with a regression equation of 
y = 5.25 + 0.047, and for lytic units and age, 
0.12 with a regression equation of 
y = —0.56 + 0.052 (no significance). 

Two-color analysis of natural killer cell 
subsets showed no significant differences in 
the percentage of Leu 11* Leu 7^, Leu 11* 
Leu 7*, and Leu 11- Leu 7* cells between 
DAT (3.3796 + 3.2%, 4.92% + 5.67%, and 
34.46% + 16.60%, respectively) and nor- 
mal controls (3.60% + 2.85%, 
4.88% + 4.70%, and 34.87% + 12.00%, re- 
spectively). 


Comment.—It is interesting that 
DAT showed reduced natural killer 
cell activity and reduced response to 
interferon alfa. Excess dosage for the 
amyloid precursor protein gene has 
been reported to be responsible for 
Alzheimer’s-type changes in the brain 
of DAT, as well as for Down’s syn- 
drome-type changes." In sporadic 
cases of DAT, however, such possibil- 
ities have been refuted.'?^'*^ The molec- 
ular basis of natural killer cell abnor- 
mality in DAT is unknown. However, 
our results suggest that natural killer 
cell abnormalities may also be of the 
systemic abnormalities of the non- 
neuronal tissues in DAT. 
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Epilepsy and Suicide 


To the Editor. —To identify risk "fac- 
tors for attempted suicide among epi- 
leptics" requires that all subjects have 
epilepsy. Nevertheless, in an attempt 
to achieve this goal, the authors of a 
recent report chose controls from 
among nonepilepties.! To draw infer- 
ences from a case-control design re- 
quires persons with epilepsy who at- 
tempted suicide (cases) to be compared 
with persons with epilepsy who have 
not attempted suicide (controls). Non- 
epileptic controls have no place in this 
study. 

To use as controls persons who at- 
tempted suicide but who do not have 
epilepsy results in: (1) failure to iden- 
tify factors related to an increased risk 
of attempted suicide, since both cases 
and controls have made the attempt, or 
(2) identifying factors that may be as- 
sociated with epilepsy but not with at- 
tempted suicide, since it is epilepsy 
that distinguishes cases and controls. 
Such a design does not allow for iden- 
tification of risk factors of attempted 
suicide among persons with epilepsy. 
The design also does not allow for as- 
sessment of "reaction to the chronic 
psychosocial stressors of having epi- 
lepsy, specific seizure factors, or the 
cognitive effects of anticonvulsant 
medications." Thus, it is unclear how 
the authors were able to dismiss these 
factors as irrelevant. 

Epidemiologists are a cautious lot 
and tend to speak of antecedents or 
risk factors rather than “causative 
factors" as did Mendez and colleagues,’ 
the authors of the report about suicide 
in epileptics. Caution results from 
awareness of the potential for multiple 
types of selective and informative 
biases,” several of which could have in- 
fluenced the results of this study. The 
leap from an association between an 
antecedent and an outcome in one 
study to the inference that the ante- 
cedent causes the outcome is very 
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rarely made by an experienced epide- 
miologist. 

“To our knowledge, there has been 
no previous controlled study of the 
causative factors for attempted suicide 
among epileptics.”! This quote, the use 
of the term causative factors in the ti- 
tle of the article that contains it, and 
the poor choice of controls would be a 
disappointment to a teacher if they 
were the work of a graduate student in 
epidemiology. They sadden us when 
published in a journal considered to 
have “peer” review. Their presence in 
this journal reflects limitations of the 
review process, or of the reviewers. 

We have written this letter not to 
chide Dr Mendez, but, rather (1) to en- 
courage others who want to conduct 
observational studies to seek expert 
guidance when in doubt, and (2) to en- 
courage the editors to seek ways to 
improve the review process. May re- 
ports of epidemiologic studies continue 
to be welcome in these pages. 

ALAN LEVITON, MD 
Neurology/Neuroepidemiology 
Children’s Hospital 


300 Longwood Ave 
Boston, MA 02115-5747 


LINDA Cowan, PHD 
Epidemiology 

University of Oklahoma 
Oklahoma City, OK 73190 


KARL KUBAN, MD 
Neurology 

Children's Hospital 
300 Longwood Ave 
Boston, MA 02115-5747 
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In Reply.—Leviton and colleagues 
question our choice of a control group.’ 
As noted by Kelsey et al, recognized 
authorities in the area of comparative 
studies, “Choice of the most appropri- 
ate control group is one of the most 
diffieult and controversial aspects of 
study design ...[and] in many situa- 
tions no single control group is obvi- 
ously best. In such situations it is 
helpful if... more than one case-con- 
trol study of an area of interest is un- 
dertaken by different investigators us- 
ing different types of control 
groups....”? The approach suggested 
by Leviton et al is one way of investi- 
gating the problem, but not the only 
way as they aver. If controls are se- 
lected on the basis of epilepsy as Lev- 
iton et al suggest, there is no way to 
determine whether psychopathologic 
factors differ in epileptic and nonepi- 
leptic suicide attempters, nor can the 
effect of chronic psychosocial stressors 


related to having epilepsy be assessed. 
Furthermore, it is likely that psycho- 
pathology confounds hospital utiliza- 
tion for epileptics admitted for reasons 
other than a suicide attempt, thus dis- 
torting assessment of the association 
of psychopathology and suicide at- 
tempts among epileptics. 

We selected controls on the basis of 
suicide to determine if specific types of 
psychopathology were more frequent 
in epileptic suicide attempters. De- 
pression, psychosis, and other psycho- 
pathologic factors are already recog- 
nized as important suicide risk factors 
regardless of other diseases present in 
an individual or population. However, 
for reasons explored in our article, the 
distribution of underlying psycho- 
pathologic factors is likely to differ in 
groups of epileptic and nonepileptic 
suicide attempters. Indeed, we found 
that affective-paranoid psychotic be- 
havior and borderline personality dis- 
orders were significantly more fre- 
quent in epileptic suicide attempters, 
while reactive depression was not sig- 
nificantly increased. Since the pattern 
of associated psychopathology is dif- 
ferent in epileptic suicide attempters, 
the increased rate of suicide among 
epileptics in general may reflect spe- 
cific psychopathologic factors among a 
subgroup of epileptics. 

Leviton et al also question how we 
were able to “dismiss” certain factors. 
It should be obvious that no control 
group is needed to dismiss a factor as 
irrelevant; if the factor is not present 
in a suicide attempter, it could not 
have caused the suicide. As is clearly 
indicated in our article, careful clinical 
evaluation of each epileptic suicide at- 
tempter and simple tabulation showed 
that “in the majority of epileptic sui- 
cide attempts, there is no direct rela- 
tionship to the emotional burden of 
being an epileptic, to specific seizure 
variables, or to particular anticonvul- 
sant medications.”! Indeed, none of the 
suicide attempts were directly precip- 
itated by any epilepsy-related com- 
plaint or problem. Seizure frequency 
was unchanged and generally less than 
one per month during the time sur- 
rounding the suicide attempts. 

Leviton and colleagues also raise a 
semantic issue, which involves our use 
of the term causative factors. As is 
clear from reading our article, we used 
this expression as a synonym for “risk 
factors.” We did not “leap...[to the 
conclusion] that the antecedent causes 
the outcome. ..,” but rather concluded 
that “this study suggests that in- 
creased suicidal behavior in epileptics 
is associated with interictal psycho- 
pathologic features...." The conclu- 
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sions of our article stand unaltered. 
Further positive contributions to this 
area from other investigators using 
alternate methodologies and alternate 
control groups will augment existing 
knowledge. 

Mario F. MENDEZ, MD 

Department of Neurology 

St Paul-Ramsey Medical Center 


640 Jackson St 
St Paul, MN 55101-2595 


DouGLAS J. LANSKA, MD, MS 
Department of Neurology 

University of Kentucky Medical Center 
800 Rose St, MS129 

Lexington, KY 40536-0084 


RAMON MANON-EsPAILLAT, MD 
Department of Neurology 

Temple University School of Medicine 
3401 N Broad St 

Philadelphia, PA 19140 


THOMAS H. BURNSTINE, MD 
Department of Neurology 

The Johns Hopkins University 
600 N Wolfe St 

Baltimore, MD 21205 
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Striatal Dysfunction 


To the Editor.—In our recently pub- 
lished article on striatal dysfunction in 
attention deficit and hyperkinetic 
disorder,' proper attribution of Fig 1 
was lacking. The legend should have 
included: From Aquilonius S-M. A Co- 
lour Atlas of the Human Brain. Es- 


selte, Sweden, 1980. 
Hans Lou, MD, PHD 
John F. Kennedy Institutet 
G1 Landevej 7-9 
DK 2600 Glostrup, Denmark 
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Pimozide Therapy for 
Trigeminal Neuralgia 


To the Editor.—In their article, Pi- 
mozide Therapy for Trigeminal Neu- 
ralgia, Lechin et al' have demon- 
strated relief of chronic (8 to 17 years) 
pain in the lower two thirds of the face 
by the use of pimozide in doses that 
caused "physical and mental retarda- 
tion and other symptoms." But was 
this "trigeminal neuralgia" the classic 
major paroxysmal pain also known as 
tic douloureux? 

The equal numbers of men and 
women and also the more frequent in- 
volvement of the left side of the face 
than the right are not characteristic of 
tic douloureux. Likewise, “periods of 
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constant less intense pain" are not tic 
douloureux, although they may accom- 
pany it. Was the pain strictly unilat- 
eral? Had there been periods of spon- 
taneous complete remission? Were 
there refractory periods? 

In my experience of several hundred 
cases of tic douloureux, effective med- 
ication or surgery either prevents the 
pain or fails to do so’; mild degrees of 
tic douloureux are uncommon. It is 
important to separate classic tic dou- 
loureux from atypical trigeminal neu- 
ralgia. 

ARTHUR ECKER, MD, PHD 


603 Crawford Ave 
Syracuse, NY 13224 
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In Reply.—We agree with Ecker's 
comments as to standard labeling of 
trigeminal neuralgia or, what he calls 
“classic . . . tic douloureux." Nonethe- 
less, we have treated atypical as well as 
classic patients (not included in our 
double-blind study), with results sim- 
ilar to those that appeared in our arti- 
cle, where we only included those pa- 
tients who had no periods of spontane- 
ous remission; no refractory periods 
were observed either. Normally, we 
use doses much lower than required 
for a double-blind study, thus reducing 
side effects considerably. 

In our opinion, pain location and 
projections correspond to involvement 
of distinct central topographical areas 
of the brain-stem sensory trigeminal 
nuclear complex? related to the same 
neurochemical disorders: namely, a 
deficiency of central serotonergic ac- 
tivity. 

Following this trend, we have used 
different neuropharmacological ma- 
nipulations, ie, a combination of drugs 
that interfere with central noradren- 
ergic transmission (75 ug of clonidine 
plus 5 mg of levopromazine or thior- 
idazine) plus 25 mg of doxepin or clo- 
mipramine) in order to enhance sero- 
tonergic neurotransmission. When- 
ever necessary, as patient's feedback 
may indicate, improvement is rein- 
forced by adding 1 to 2 mg of pimozide. 

Many experimental findings give 
support to our therapeutic approach. 
For instance, stimulation of the sero- 
tonergic raphe magnus nucleus in- 
duces inhibition of somatosensory 
brain-stem trigeminal neurons.’ Like- 
wise, modulation of the spinal and 
trigeminal mechanisms of nociception 
depend on serotonergic neurons lo- 


cated in the periaqueductal gray and 
raphe magnus.‘ 
FuaAD LECHIN, MD 
Apartado 80983 
Caracas 1080-A, Venezuela 
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Tubular Aggregates in Skeletal 
Muscle Associated With 
Neoplastic Disease 


To the Editor. —Tubular aggregates in 
skeletal muscle have been described in 
an increasing variety of disorders, in- 
cluding periodic paralysis; muscular 
dystrophies; inflammatory myopa- 
thies; chronic alcoholism; familial neu- 
romuscular disease characterized by 
myalgia; and a variety of drug expo- 
sures, including anticonvulsants.” We 
report the observation of tubular ag- 
gregates in skeletal muscle from a pa- 
tient with neoplastic disease and sug- 
gest that a pathogenetic relationship 
may exist between the development of 
tubular aggregates and the distur- 
bance in calcium metabolism and reg- 
ulation that frequently occurs in neo- 
plastic disease. 


Report of a Case.—A 73-year-old man 
with no prior history of myalgias, muscle 
cramps, or muscle weakness presented with 
a 3-month history of orthostatic hypoten- 
sion with occasional syncope, night sweats, 
and a 7-kg weight loss. His blood pressure 
was 120/60 mm Hg supine, with a pulse rate 
of 90 beats per minute. On standing, his 
blood pressure dropped to 70/42 mm Hg, 
with a pulse rate of 86 beats per minute. 
Neurological examination was remarkable 
only for a life-long benign essential tremor. 
In particular, muscle bulk and strength 
were normal. He was found to be anemic 
(hemoglobin concentration of 100 g/L; 
hematocrit, 0.31). His erythrocyte sedimen- 
tation rate was elevated (88 mm/h). He had 
renal insufficiency with a serum creatinine 
level of 221 umol/L and a creatinine clear- 
ance of 0.65 mL/s. Nerve conduction and 
electromyographic studies suggested the 
presence of a mild sensory axonal neurop- 
athy. To evaluate for possible vasculitis or 
amyloidosis, sural nerve and biceps muscle 
biopsy specimens were obtained. The sural 
nerve biopsy specimen demonstrated a re- 
duction in the number of large myelinated 
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Frozen section of muscle biopsy specimen showing multiple tubular aggregates. These aggregates 
were characterized by dark staining with the nicotinamide adenine dinucleotide tetrazolium reduc- 
tase reaction and distinguished from deposits of mitochondria by their failure to stain with the suc- 
cinic dehydrogenase reaction (nicotinamide adenine dinucleotide tetrazolium reductase, original 
magnification X400). 


axons and digestion vacuoles in some of the 
remaining myelinated fibers indicative of 
axonal degeneration. The skeletal muscle 
biopsy specimen demonstrated tubular ag- 
gregates in 15.2% of myofibers. The tubular 
aggregates were more common in type II 
myofibers and characterized by the pres- 
ence of peripheral and/or central deposits 
of basophilic material that stained bright 
red with the trichrome stain, dark blue with 
the nicotinamide adenine dinucleotide tet- 
razolium reductase reaction (Figure), and 
remained unstained with the succinic de- 
hydrogenase reaction. 

Three weeks after the muscle biopsy 
specimens were obtained, an iliac crest bone 
marrow biopsy specimen demonstrated 
lymphocytic-type malignant lymphoma. 
Chest and abdominal computed tomogra- 
phy demonstrated mediastinal and retro- 
peritoneal adenopathy. Further staging 
and treatment of the lymphoma did not oc- 
cur as the patient developed pneumonia, 
sepsis, and hypoxia, and entered a chronic 
vegetative state. Although the serum cal- 
cium concentration was not measured at 
the time of muscle biopsy, the patient’s se- 
rum calcium level ranged between 1.8 
mmol/L and 2.3 mmol/L 3 to 6 weeks later, 
and between 2.7 mmol/L and 2.9 mmol/L 
when he became critically ill. His ortho- 
static hypotension was attributed to auto- 
nomic neuropathy. 


Comment.—Tubular aggregates ori- 
ginate from the terminal cisterns of 
the sarcoplasmic reticulum,'’ a struc- 
ture that is critical in the intracellular 
regulation of calcium in muscle. A dis- 
turbance of intracellular calcium reg- 
ulation has been implicated in the 
pathogenesis of tubular aggregates in 
alcoholic myopathy?^? and the myopa- 
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thy associated with chronic anticon- 
vulsant use.’ Although tubular aggre- 
gates in muscle have not been previ- 
ously associated with neoplastic 
disease, tubular structures originating 
from the membranes of endoplasmic 
reticulum have been described in tu- 
mor cells and other tissues in patients 
with neoplastic disease." Endoplas- 
mic reticulum is enzymatically similar 
to sarcoplasmic reticulum and is im- 
portant in the intracellular regulation 
of calcium in nonmuscle tissue.'! Thus, 
the formation of tubular aggregates in 
muscle from patients with neoplastic 
disease may not be unexpected and 
may relate to the disturbances of cal- 
cium metabolism and regulation that 
frequently occur in these patients. 
JACK E. RiGGs, MD 
SYDNEY S. SCHOCHET, JR, MD 
LUDWIG GUTMANN, MD 
Department of Neurology 
West Virginia University 
Health Sciences Center 
Morgantown, WV 26506 
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Are High-Protein Diets Effective in 
McArdle’s Disease? 


To the Editor.—Recent articles have 
held forth hope that certain metabolic 
myopathies might undergo improve- 
ment with proper dietary therapy.” In 
particular, the simple expedient of a 
high protein diet has appeared to be 
remarkably effective in the disparate 
disorders of McArdle's disease, de- 
brancher deficiency,’ and acid maltase 
deficiency.’ With respect to McArdle’s 
disease, a single patient, described 
by Slonim and Goans, demonstrated 
marked improvement after consuming 
a high protein diet.' Indeed, 45 minutes 
after a high protein (25% to 35%) 
meal, his exercise tolerance improved 
400% . Over a 3-year period, the patient 
also experienced a decrease in muscu- 
lar atrophy and an increase in exercise 
tolerance. The investigators discussed 
the possibility that increased avail- 
ability of branched-chain amino acids 
(BCAAs) contributed to the improve- 
ment by serving as an alternative en- 
ergy source for exercising muscle. To 
focus on this possibility, we studied the 
functional and metabolic muscle re- 
sponse of three patients with McAr- 
dle's syndrome prior to and after 1 and 
2 months of 0.3 g/kg of dietary BCAAs 
as a supplement to their habitual 
diet. Two types of muscle function 
were measured: maximal concentric 
strength or torque (newton-meter 
[Nm]) at 60 cycles per minute, and 
muscle endurance, ie, absolute work 
performed to fatigue, such that the 
subject could not complete 10045 of the 
movement (joules). Endurance was 
measured as the cumulative work per- 
formed at 60 cycles per minute (set 1) 
and 90 cycles per minute (sets 2 and 3), 
with a 2-minute rest period between 
sets. 

The exercise studies assessed the 
immediate and long-term response to 
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Maximal Muscle Strength and Absolute Work Performed by Patients and Controls * 


Strength (Newton-Meters) 
————————— 
Long-term 


Short-term 


Patient 1 


Work (J) 


Short-term 





4715 4213 


3831 


——M——————— 


Long-term 3 MeHis/Creat (umol/mg) 


1 mo 2 mo 


4239 





Control 1 








Patient 2 


2489 


2287 


1961 


1929 








Control 2 





Patient 3 


1072 





1157 819 


g per kilogram of BCAA. Exercise was also performed fasting after 1 month (1 mo) and 2 months (2 mo) of BCAA supplementation. 3MeHis / Creat is the ratio of 3-methyl- 
histidine to creatinine based on 24-hour urinary collections taken at the beginning of the trial (BASE) and after 1 month and 2 months of BCAA supplementation. 


the ingested nutrients. Prior to the 2- 
month period of dietary supplementa- 
tion, patients underwent exercise rou- 
tines on three separate mornings at 
least 3 days apart under the following 
nutritional conditions: overnight fast- 
ing, 45 minutes after drinking 100 g of 
dextrose (Dextol, American Scientific 
Products, McGaw Park, Ill) and 45 to 
60 minutes after consuming 300 mg of 
BCAA per kilogram of body weight. 
The testing order of the dextrose and 
BCAAs was randomized. The long- 
term response was measured by exer- 
cising in the fasting state after 1 and 2 
months of BCAA supplementation 
with amounts of BCAAs calculated to 
meet or exceed the levels consumed by 
the patient of Slonim and Goans.' An 
age-, gender-, height-, and weight- 
matched control subject was also ex- 
ercised after an overnight fast, for 
comparison. Metabolic response was 
assessed by measurement of urinary 
3-methylhistidine/creatinine ratio 
over 3 days of a meat-free diet. Urine 
specimens were analyzed for total cre- 
atinine by autoanalyzer and 3-meth- 
ylhistidine/creatinine ratio by high- 
pressure liquid chromatography. 
Three control subjects matched for 
age, gender, height, and weight also 
underwent baseline muscle endurance 
testing. 

The results, summarized in the Ta- 
ble, indicate that no patient experi- 
enced either immediate or long-term 
objective benefit as assessed by the 
maximal strength or endurance test- 
ing. In addition, there was no report of 
subjective benefit. One patient of the 
three had a lowered 3-methylhisti- 
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dine/creatinine ratio after treatment, 
which could be indicative of decreased 
muscle breakdown. 

Since the conclusion of our study, a 
report has appeared in which one pa- 
tient with McArdle’s disease received 
trials of high polysaturated fatty acid 
meals, high protein meals, and medi- 
um-chain triglyceride meals without 
demonstrable improvement of exer- 
cise tolerance 1 hour after the meal.‘ 
There has also been a report of the 
failure of high-protein feeding to 
benefit a patient with infantile acid 
maltase deficiency? despite two re- 
ported successes in adults®’ in addition 
to Slonim's report of success in a young 
boy. 

We remain hopeful that the high- 
protein diet will ultimately prove ef- 
fective for at least some patients with 
these conditions. The high uptake of 
leucine and isoleucine by muscle in 
McArdle's disease suggests that 
BCAA supplementation could influ- 
ence the progression of symptoms, but 
our results are discouraging. 

Perhaps the biggest lesson from our 
own small study, as well as from the 
conflicting results reviewed above, is 
that the time has come for larger 
cooperative studies so that the effects 
of heterogeneity and/or other sources 
of variation can be observed by the 
same investigators and analyzed with 
statistical rigor. Though our sample is 
tiny by most standards, it is interest- 
ing that it is three times the size of the 
others noted in the literature that we 
have discussed, literature that must, 
perforce, serve as a basis for the ad- 
vice—and hopes— that physicians give 


their patients with these conditions. 
This communication should not, of 
course, dash these hopes, nor is it an 
argument against using small samples 
to generate hypotheses, but it aims to 
provide clinical perspective as well as 
a renewed impetus to assemble larger 
and better trials despite the difficul- 
ties in doing so with extremely rare 


conditions. 
ROBERT F. KUSHNER, MD 
Department of Medicine 


STEPHEN A. BERMAN, MD, PHD 
Department of Neurology 
University of Chicago 

School of Medicine 
5841 S Maryland Ave 
Chicago, IL 60637 


Alfred Slonim, MD, Northshore (NY) Univer- 
sity Hospital, provided the high-pressure liquid 
chromatography study results. 


1. Slonim AE, Goans PJ. Myopathy in McAr- 
dle's syndrome: improvement with a high-protein 
diet. N Engl J Med. 1985;312:355-359. 

2. Slonim AE, Weisberg C, Benke P, Evans OB, 
Burr IM. Reversal of debrancher deficiency my- 
opathy by the use of high-protein nutrition. Ann 
Neurol. 1982;11:420-422. 

3. Slonim AE, Coleman RA, McElligot MA, et 
al. Improvement of muscle function in acid 
maltase deficiency by high-protein therapy. Neu- 
rology. 1983;33:34-38. 

4. Hopewell R, Yeater R, Ullrich I. The effect of 
three test meals on exercise tolerances of an indi- _ 
vidual with McArdle's disease. J Am Coll Nutr. 
1989;7:485-489. 

5. Finegold DN, Bergman I. High-protein feed- 
ing in an infant with Pompe's disease. Neurology. 
1988;38:824-825. 

6. Isaacs H, Savage N, Badenhorst M, Whistle 
T. Acid maltase deficiency: a case study and 
review of the pathophysiological changes and 
proposed therapeutic measures. J Neurol Neuro- 
surg Psychiatry. 1986;49:1011-1018. 

7. Margolis ML, Hill AR. Acid maltase defi- 
ciency in an adult. Am Rev Respir Dis. 1986; 
134:328-331. 


Letters to the Editor 


(gadopentefate 
dimeglumine 46901 mg/ml ) 


Please see br jef su abe dl 
cribing informatio 


f pre 
on las s page: E 
adve 





A CASE FOR Magnevist 


(gadopentetate 
dimeglumine 46901 mg/mL) 


INJECTION 


DISC VS SCAR 


INFORMATION FROM CT 


Axial T1-weighted 
MRI scan 
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injection 

(TR 600, TE 30) shows 
abnormal soft tissue 
obscuring the S1 
nerve root (arrow) 
Findings indicate 
either recurrent 
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postoperative scar. 


Sagittal T1-weighted 
MRI scan 
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TE 30), taken to right 
of midline, shows 
abnormal soft tissue 
(arrow). Findings 
indicate either 
recurrent herniated 
disc or post- 
operative scar. 
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INFORMATION FROM MRI 
BEFORE MAGNEVIST: INJECTION 


Axial scan without contrast 
Postlaminectomy changes 
and abnormal soft tissue 
are seen to the right of 
midline (arrow). Differentia- 
tion between disc and scar 
not possible. 


AFTER MAGNEVIST* INJECTION 


Axial T4-weighted 
MRI scan 
post-MAGNEVIST® 
injection (TR 600, 

TE 30) clearly shows 
the presence of 
scar tissue (arrow) 


Sagittal T1-weighted 
MRI scan 
post-MAGNEVIST® 
injection (TR 600, 

TE 30) shows 
homogeneously 
enhancing epidural 
soft tissue ventral 
and dorsal to the 
distal thecal sac 
(arrow) and no 
evidence of disc 
reherniation 





See more. 
See better. 


MAGNEVIST: INJECTION 
: BETTER DISTINGUISHES SCAR FROM DISC 


e MR imaging with MAGNEVIST injection may provide 
more accuracy than unenhanced MRI in differentiating 
scar from disc when present together and in correctly 
identifying scar alone when it mimics disc herniation’ 


MAGNEVIST' injection may improve 
the diagnostic utility of MRI alone 
CHANGED DIAGNOSES (N = 19 INCREASED DIAGNOSTIC CERTAINTY 


operative levels in 17 patients)’ (N = 43 operative levels in 
44 patients)’ 


Post-MAGNEVIST injection MRI In the remaining 13 levels where diagnoses 
m diagnoses changed in 3196 (6/19) of did not change diagnostic certainty in- 
levels from precontrast MRI diagnoses. creased from probable in precontrast MRI 
Postcontrast MRI diagnoses were all to definite in post-MAGNEVIST® injection MRI 
confirmed histologically. in 61% (8/43) of levels. Postcontrast MRI 
diagnoses were all confirmed histologically. 
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BETTER MEDICINE THROUGH BETTER IMAGES 


Please see brief summary of prescribing information on last page of this advertisement. 
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Well tolerated? in clinical trials, the most common adverse reactions reported were headache (8.7%) 
and injection-site coldness/localized coldness (4.8%). The majority of headaches were transient and of mild to 
moderate severity. In clinical trials, 15% to 30% of patients experienced an asymptomatic transient rise in 
serum iron; hypotension occurred in less than 1% of the patients. The safety of MAGNEVIST® injection in patients 


with hemolytic disorders has not been studied. 


REFERENCES: 4. Hueftle MG, Modic MT, Ross JS, et al. Lumbar spine: postoperative MR imaging with Gd-DTPA. Radiology. 1988;167:817-824. 2. Data on file, Berlex Laboratories, Inc. 





BRIEF SUMMARY 


INDICATIONS AND USAGE 


MAGNEVIST® Injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularity or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known. 


WARNINGS 


The accepted safety considerations and procedures that are required for magnetic 
resonance imaging are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. In addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies to align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment by gaso entetate dimeglu- 
mine may possibly potentiate sickle erythrocyte alignment. MAGNEVIST® Injection in 
patients with sickle cell anemia and other hemoglobinopathies has not been studied. 


Patients with other hemolytic anemias have not been odequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. In clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 
reaction which was described as mild by the patient and occurred 
after 6-1/2 hours. In a study in normal volunteers one subject 
experienced syncope after arising from a sung position two hours 
after administration of the drug. Although the relationship of 
gadopentetate Mri ed to these events is uncertain, patients 
Should be observed for several hours after drug administration. 


PRECAUTIONS - General 


Diagnostic procedures that involve the use of controst agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed. 


In a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such o seizure. 


Since i pd lel dimeglumine is cleared from the body 2 lomerular filtration, caution 
should be exercised in patients with severely impaired renal function. 


Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 
Morphology resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron. 
Serum bilirubin levels were slightly elevated in approximately 3.496 of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimeglumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 


When MAGNEVIST® Injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 


If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body 


Information for Patients: 

Patients receiving MAGNEVIST* Injection should be instructed to: 

1. Inform your physician if you are pregnant or breast feeding. 

2.Inform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimeglumine. 


Gadopentetate aimeglumme did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation ossay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimeglumine did not induce 
a positive response in the (C3H 1071/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary cultures of rat 
hepatocytes at concentrations up to 5000 ug/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in tne mouse and dog micronucleus fests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively. 


The results of a reproductive study in rats showed that gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
Pin Jn rate in comparison to a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in male rats at the 2.5 mmol/kg dose. In female rats a decrease in the number 
of corpora lutea at the 0.1 mmol/kg dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 


In a separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimeglumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 


nevist 
(gadopentetate 

dimeglumine 4201 mg/mL) 
INJECTION 


PREGNANCY CATEGORY C. 

Gadopentetate dimeglumine has been shown to retard development slightly in rats when 
iven in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 

doses 2.5 times the human dose. No congenital anomalies were noted in either species. 

There are no adequate and well-controlled studies in pregnant women. MAGNEVIST® 

Injection should be used during pregnancy only if the potential benefit justifies the potential 

risk to the fetus. 

NURSING MOTHERS 

C14 labelled gadopentetate dimeglumine was administered intravenously to lactating rats 

at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 

via the milk during the 24-hour evaluation period. It is not known to what extent MAGNEVIST® 

Injection is excreted in human milk. Because many drugs are excreted in human milk, 

caution should be exercised when the drug is administered to a nursing mother and 

consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 
Sata and efficacy in children under the age of 2 years have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 

The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate "NT In 42.396 of the cases 
it was felt that the headaches were not related to MAGNEVIST® Injection. Injection site 
coldness/localized coldness is the second most common adverse experience ot 4.896. 
Nausea occurs in 3.2% of the patients. 

Localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less than 2% of the patients. 

The following additional adverse events occur in less than 1% 
of the patients: 

Body as a Whole: Injection site radi namely, pain, warmth, 
burning; localized burning sensation, substernal chest pain, fever, 
weakness, generalized coldness, localized edema, tiredness, 
chest tightness, regional lymphangitis. 

Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis. 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 
increased salivation. 

Nervous System: Agitation, thirst, convulsions (including grand mal). 
e wed System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cough. 

Skin: Rash, sweating, pruritus, urticaria (hives). 

Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted. 

Body as a Whole: Back pain, pain, generalized warmth. 

Cardiovascular: Hypertension, tachycardia, migraine, syncope. 

Digestive: Constipation, diarrhea. 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 

Skin: Facial edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain. 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate dimeglumine injection in mice is 
542.5 mmol/kg and in rats it is 10-15 mmol 9 The LDso of intravenously administered 
MAGNEVIST® Injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 


The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg (0.1 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 


DOSAGE CHART 


Dose in Approx Duration of 
m Injection in Seconds 


Body Weight 
(kg) 
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To ensure complete injection of the contrast medium, the injection should be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® Injection. 

Parenteral products should be inspected visually for particulate matter and discoloration 
prior to administration, whenever solution and container permit. 
For full prescribing information, see package insert. 

Caution: Federal Law Prohibits Dispensing Without Prescription. 
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Original Contributions 


Cognition and White Matter Changes on 


Magnetic Resonance Imaging in Dementia 


Andrew Kertesz, MD, FRCPC; Marsha Polk, MA; Tom Carr, MD, FRCPC 


è In a prospective magnetic resonance 
imaging and cognitive study of 38 de- 
mented patients and 15 control subjects, 
11 of 27 patients with Alzheimer's disease 
and 8 of 11 patients with vascular demen- 
tia had significant periventricular hyperin- 
tensities. Memory and language testing in 
the early investigation of dementia is use- 
ful to distinguish patients with or without 
periventricular hyperintensities on mag- 
netic resonance imaging. Patients without 
periventricular hyperintensities are worse 
on memory and conceptualization tests 
than patients with periventricular hyperin- 
tensities, who tend to be worse on com- 
prehension and attention tests. These dif- 
ferences in cognitive pattern are present 
between patients with different pathogen- 
esis who are otherwise matched for de- 
mentia severity. Language and some non- 
verbal cognitive deficits correlate with the 
extent of cortical and ventricular atrophy 
in Alzheimer's disease. 

(Arch Neurol. 1990;47:387-391) 


(Computed tomographic (CT) and 
magnetic resonance imaging 
(MRI) appearance of white matter 
changes, other than infarcts, have 
been described in 7% to 30% of the 
“normal” aging population, in 28% 
to 80% of stroke patients,*’ and impli- 
cated in dementia?*'? even though the 
clinical and pathological relationships 
remain controversial. Alzheimer’s dis- 
ease (AD) is characterized by cerebral 
atrophy with cortical and subcortical 
gray matter changes, but white matter 
changes in dementia are believed to be 
more characteristic of vascular dis- 
ease, and they are often attributed to 
Binswanger’s disease (BD).^910:: 
Vascular dementia has been differ- 
entiated from AD pathologically and 
clinically, although their relationship 
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is complex and the two may coexist.!^!* 
Multi-infarct dementia (MID) is a clin- 
ical concept characterized by step- 
wise evolution and/or focal signs.? 
Binswanger? described white matter 
changes with slowly progressive de- 
mentia and arteriosclerosis, and Alz- 
heimer? provided further pathological 
definition of what he called BD. 
Olszewski” rekindled interest in the 
entity, collected some pathologically 
examined cases, and called it subcorti- 
cal arteriosclerotic encephalopathy. 
The pathological and clinical features 
of BD were reviewed recently by 
Babikian and Ropper.” 
Periventricular white matter hypo- 
densities on CT and hyperintensities 
on MRI (periventricular hyperintensi- 
ties [PH]) were considered a manifes- 
tation of BD by several investiga- 
tors.*!'*26 Recently, Hachinski et al? 
applied the term leuko-araiosis to 
this appearance on CT, expressing cau- 
tion about any relationship to the 
cause. The higher sensitivity of MRI 
for these white matter abnormalities 
has been reported by several inves- 
tigators.25522 Magnetic resonance 
imaging not only shows more PH 
but also different patterns of change 
that may represent different pathol- 
ogies.^^? Magnetic resonance imaging 
differentiation of AD from vascular 
dementia due to multiple infarcts, la- 
cunes, and/or BD has been attempted 
with small groups of patients.?*!223 
Most MRI studies of PH and dementia 
were retrospective, with limited clini- 
cal data and few patients. Some in- 
cluded stroke patients, or were se- 
lected from a stroke population.’*° 
Few of the studies of PH on MRI or CT 
correlated it with dementia severity 
or cognitive deficit,/^3" while some 
studies concluded there was no signif- 
icant relationship.^" The clinical and 
partieularly the neuropsychological 
findings of BD are not well defined. We 
attempted to differentiate between 
those primary dementia patients with 
a significant amount of white matter 


hypertensities on MRI and those with- 
out, in a prospective study with exten- 
sive cognitive examination. 


SUBJECTS AND METHODS 


Subjects were selected from 88 patients 
who were referred for initial dementia 
diagnosis and underwent detailed clinical 
neurological and neuropsychological exam- 
inations and neuroimaging. In addition, 15 
clinically normal control subjects were re- 
cruited from spouses of patients or outpa- 
tients seen for a nondementing condition. 
The criteria for exclusions were perceptual 
problems such as blindness or deafness, 
advanced stages of dementia precluding 
testing, pseudodementia (such as signifi- 
cant depression according to clinical crite- 
ria and the Beck Depression Inventory), se- 
vere anxiety disrupting testing procedures, 
schizophrenia, language barrier, stroke 
(see criteria below), Parkinson’s disease, 
progressive supranuclear palsy, Creutz- 
feldt-Jakob disease, communicating hydro- 
cephalus, and claustrophobic response dur- 
ing the MRI procedure. All remaining pa- 
tients fulfilled the Diagnostic and 
Statistical Manual of Mental Disorders, Re- 
vised, Third Edition criteria of dementia. 
Computed tomographic scans were used to 
exclude brain tumor and confirm the extent 
of ventricular and cortical atrophy. All MRI 
studies were performed with a 0.15-T resis- 
tive magnet (Technicare). Images were ob- 
tained using a multispin echo pulse se- 
quence with a 2-second repetition time of 30 
to 90 and 120 milliseconds. Time to echo, a 
1-cm-slice thickness in a 256 X 256 matrix. 

Even though we excluded patients with a 
definite history of stroke, those with an is- 
chemic score? of 7 or more were a priori 
classified as vascular dementia (Table 1). 
All the remaining nonvascular patients 
satisfied the Diagnostic and Statistical 
Manual of Mental Disorders, Revised, 
Third Edition and the National Institute 
of Neurological Disorders and Stroke- 
Alzheimer’s Disease and Related Disorders 
Association? criteria of AD and were fur- 
ther divided independently and “blindly” 
based on the clinical diagnosis according to 
MRI criteria (below) into those with signif- 
icant PH and those with no PH (NPH). Al- 
together, 53 subjects, 38 demented and 15 
control subjects, were included. 

Magnetic resonance imaging and CT 
evaluation was performed by two of us (T.C. 
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This 75-year-old man had a single transient ischemic attack and memory loss. The stars are adjacent to the unidentified bright 
objects, the arrows point to the rim, and the arrowheads point to the caps. Unidentified bright object counts were 10 and 12, 
caps were rated as 2, and 3 rims as 2 and 2, and ventricular atrophy as 2 and 2 by two raters. 


and A.K., respectively) aecording to the 
following seale for rated variables: 0, no 
abnormality; 1, mild; 2, moderate; 3, severe; 
and 4, very severe. Ventrieular and sulcal 
atrophy and the periventricular "rim" and 
“caps” around the poles of the ventricles 
were rated. An example of the rating is il- 
lustrated in the Figure. This patient who 
was clinically in the vascular group because 
of a transient ischemic attack was classi- 
fied in the PH group on the basis of the MRI. 
Unidentified bright objects, which are 
small hyperintensities in the periventricu- 
lar white matter, subcortical or cortical 
areas, not related to focal clinical signs and 
not present on CT,‘ were counted. The rat- 
ers diagnosed PH if more than 1 unidenti- 
fied bright object and/or moderate or se- 
vere caps and rims were present. Mild, thin 
rimming or capping was not considered 
abnormal. Patients with ventricular and 
suleal atrophy (score of 2 or above) are sep- 
arated from control subjects on the “blind- 
ed" radiological classification. This way a 
few of the NPH demented patients were 
rated as normal and vice versa (Table 1). 
Interrater disagreement regarding MRI di- 
agnostic groups was arbitrated by a third 
rater; all other quantitative scores were 
averaged. The ratings were used subse- 
quently for grouping of patients, and to 
correlate the severity of dementia with the 
severity of the hyperintensities. 
Neuropsychological testing included sev- 
eral standardized measures of cognitive 
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functions. We chose the Mattis Dementia 
Rating Scale (MDRS)* for a cognitive 
screen. The subscales are sufficiently com- 
prehensive to examine attention, memory, 
conceptualization, constructional ability, 
and word fluency. The scoring was modifed 
slightly to combine motor commands and 
repetitive design to obtain a motor persis- 
tence score. Control subjects had only the 
MDRS. These subjects had to achieve the 
cut-off score of 127/144 or higher to be con- 
sidered normal. For the clinical correla- 
tions all patients below the cut-off point of 
127 on the MDRS were included. This cut- 
off point is a rather conservative or strict 
measure of normal function, used by one 
study of 85 normal subjects and repre- 
sents 2 SDs below the mean of the control 
group of another study.* For the assess- 
ment of language, the Western Aphasia 
Battery" was used. For other cognitive 
measures, the Wechsler Adult Intelligence 
Scale-Revised,* the Wechsler Memory 
Seale,’ or the Wechsler Memory Scale- 
Revised” were administered. 


RESULTS 





The three MRI groups defined by 
raters blinded to the clinical diagnosis 
and symptoms were as follows: NPH, 
19; PH, 19; and negative, 10. The rela- 
tionship of the MRI rating to the clin- 
ical diagnosis is expressed in Table 1. 
The most interesting result is that 11 


(41%) of 27 patients who had AD clin- 
ically had a sufficient amount of PH to 
be placed in the PH group. Most (78%) 
of the clinically diagnosed vascular 
dementias (designated as MID in Ta- 
ble 1) were placed in the PH group on 
neuroimaging, although the three ex- 
ceptions (false-negatives) are interest- 
ing. Three of 15 nondemented control 
subjects were considered to have 
larger than normal ventricles and two 
others were considered to have signif- 
icant periventricular changes, raising 
the rate of false-positives to 5 (3396) of 
15 (these cases remained in the control 
group as their MDRS scores were 
above 127). The radiologically defined 
groups and the control subjects did not 
differ significantly from each other in 
age or education or duration of symp- 
toms (Table 2). 

Separate stepwise discriminant 
function analyses of Wilk” were per- 
formed on correlated sets of variables 
of the MDRS, Western Aphasia 
Battery, Wechsler Adult Intelligence 
Scale-Revised, and Wechsler Memory 
Seale. Prior probability of member- 
ship was set at .05. Student’s ¢ and 
Mann-Whitney U tests were also used 
to determine the differences between 
the groups on each subtest with a con- 
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Table 1.— The Relationship of 
Clinical and MRI Diagnoses" 






MRI Diagnosis 
—— 
Clinical No. of Nega- 
Diagnosis Subjects NPH PH tive 
AD 27 16 11 o 
MID 11 3 8 0 







15 3 2 10t 
53 22 21 


Control 
Total 









* MRI indicates magnetic resonance imaging; NPH, 
no periventricular hyperintensities; PH, periventricular 
hyperintensities; AD, Alzheimer's disease; and MID, 
multi-infarct dementia. 

tTwo of the central subjects were diagnosed as 
having NPH. 


servative level of significance of .01. 

The results of the MDRS are sum- 
marized in Table 3. The two patient 
groups are well matched for severity 
of dementia, represented by the 
total MDRS score. However, atten- 
tion (P = .005) and conceptualization 
(P = .05) were significant discrimina- 
tors on discriminant function analysis. 
Patients with PH do poorly on atten- 
tion, while patients with NPH have 
more difficulty with conceptualization. 
Eighty-one percent of the patients 
were correctly classified on the basis of 
all MDRS variables. Word fluency is 
lower in patients with PH, indicating 
more language deficit, but memory is 
poorer in patients with NPH (none of 
these differences were significant for 
individual subtests on t tests or Mann- 
Whitney U tests). 

Language subtest performance on 
the Western Aphasia Battery revealed 
lower mean scores for the PH com- 
pared with the NPH group (Table 4). 
Comparison of the overall aphasia 
quotient shows nearly equivalent to- 
tals for each group. Three of 10 lan- 
guage subtests on the Western Apha- 
sia Battery showed trends of being 
significant discriminators: spontane- 
ous speech content (P = .09), repeti- 
tion (P = .07), and comprehension of 
yes/no questions (P — .09), in addition 
to calculation (P = .04). Patients with 
NPH were slightly more impaired on 
content and repetition subtests and 
patients with PH were more impaired 
on comprehension and calculation 
items (Table 4). These individual 
subtests did not differ, however, on t 
test and Mann-Whitney U compari- 
sons. 

The memory subtests of the 
Wechsler Memory Scale yielded five 
significant discriminators: delayed re- 
call performance of paired word as- 
sociates (P = .007); delayed recall of 
memory passages (P = .01); immedi- 
ate recall of paired associates (P = 
.01); immediate recall of memory pas- 
sages (P = .008); and delayed visual 
reproduction (P=.01). On these 
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Table 2.—Magnetic Resonance Imaging Subject Groups * 


72.11 (10.47) 





Education, y 10.11 (3.50) 


Control Subjects, 
N — 15, 


x (SD) 
71.40 (6.86) 


74.05 (6.27) 


10.64 (3.30) 10.20 (2.34) 





Illness, mo 18.71 (12.79) 





24.71 (22.97) 


* NPH indicates no periventricular hyperintensities; PH, periventricular hyperintensities; and NA, not applica- 


ble. 


Table 3.—Modified Mattis Dementia Test* 


NPH, 
N= 19, 
X (SD) 


Maximum 


Variable Score 


PH, Control Subjects, 
N — 19, N — 15, 
X (SD) x (SD) 





Attentiont 37 


34.40 (2.08) 


33.37 (3.41) 36.00 (1.25) 





Word fluency 20 
Motor persistence 7 





Construction 


11.22 (3.99) 
4.46 (1,79) 
4.60 (1.56) 


10.54 (5.22) 18.60 (2.16) 
5.21 (1.60) 6.53 (0.83) 
5.17 (1.49) 6.00 (0.00) 








Conceptualizationt 


26.52 (5.75) 


27.98 (6.98) 35.73 (3.20) 





Memory 





104.20 (14.01) 





14.37 (3.71) 


15.37 (6.05) 24.27 (.80) 





105.25 (20.08) 137.60 (5.19) 





" NPH indicates no periventricular hyperintensities; PH, periventricular hyperintensities. 


tDiscriminating variable. 


The scoring was modified slightly to combine motor commands and repetitive design to obtain a motor per- 


Sistence score. 


subtests, patients with NPH recall 
fewer word pairs, story ideas, and 
visual items in both immediate and 
delayed conditions than patients with 
PH (Table 5). 

The Wechsler Adult Intelligence 
Scale-Revised showed no significant 
discriminators on any subtest, indicat- 
ing that the groups were well matched 
for most other areas of cognitive func- 
tion other than language and memory 
(Table 6). 

Cognitive deficits correlated best 
with cortical atrophy and ventricular 
sizein the patients with NPH. Aphasia 
quotient (.45), speech content (.34), 
word fluency (.35), word comprehen- 
sion (.15), and naming (.15) showed 
significant correlations (Spearman), 
with cortical atrophy in patients with 
AD. Block design (.63) correlated with 
ventricular size. Correlations of the 
cognitive deficit with PH were not 
found to be significant in the PH group. 
Combining the two demented groups 
did not show significant correlations 
between any of the cognitive deficits 
and the ratings of the neuroimaging 
abnormalities. 


COMMENT 


The clinical significance of the white 
matter changes in dementia needs 
clarification in view of the apparent 
overlap between normal aging, cere- 
brovascular disease, and nonvascular 
dementia. The presence of white mat- 
ter changes does not necessarily mean 
dementia, as 2 of 15 nondemented con- 
trol subjects had enough PH to be 
classified in the PH group radiologi- 
cally. This is only 13%, less than other 


populations,"* but similar to our pre- 
vious group of control subjects,’ and 
some other studies where the PH was 
graded and strokes were excluded.'4*7 
Moderate to severe extent of PH 
seems to be associated with dementia 
in a clinically relevant fashion, even 
though there are exceptions to this. 
The majority of the patients with clin- 
ically diagnosed vascular dementias 
had PH, but also a substantial number 
(4175) of the patients clinically diag- 
nosed as having AD showed signifi- 
cant PH indicating an overall inci- 
dence of 50% in the total demented 
population vs the 13% incidence in 
control subjects. Even though the inci- 
dence figures support the relationship 
of PH to dementiain this study, the cor- 
relations of the actual deficits with the 
severity rating of the PH were not sig- 
nificant either in the group selected for 
having significant PH or in the overall 
demented population. Nondemented 
subjects with PH need to be followed 
up to see if dementia develops later to 
determine if this radiological feature 
is an early predictor of dementia. 
Alzheimer’s dementia is not consid- 
ered obviously different from vascular 
dementia in its clinical manifestation, 
except in the history of abrupt onset 
risk factors or stepwise deteri- 
oration.” Multiple infarcts often pro- 
duce cognitive changes, such as speech 
and articulatory abnormalities, par- 
ticularly if focal infarctions of the cor- 
tical and subcortical structures are in- 
cluded in the series. Sometimes these 
changes are included under the um- 
brella of MID. Neither the original de- 
scription of MID? nor the diagnostic 
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Maximum 


Variable Score 


NPH, N — 19, 
x (SD) 








Aphasia quotient 
Contentt 10 
Fluency 








85.33 (13.01) 
7.84 (1.98) 
8.68 (1.34) 


PH, N — 19, 
x (SD) 





84.76 (11.21) 
8.13 (1.49) 


8.63 (1.15) 





Yes/no questionst 


58.16 (3.02) 


56.29 (3.51) 





Word comprehension 


58.05 (4.20) 





Sequential commands 


69.16 (15.41) 


56.97 (4.94) 
67.69 (11.56) 





Repetitiont 


86.37 (15.80) 





Object naming 


55.58 (7.39) 





Word fluency 
Sentence completion 





Responsive speech 





Calculationt 


9.32 (5.41) 
9.42 (1.12) 
9.58 (0.90) 
20.12 (4.92) 


88.15 (14.21) 
52.45 (10.19) 
8.19 (4.37) 
9.38 (1.10) 
9.63 (0.74) 

18.72 (5.29) 





*NPH indicates no periventricular hyperintensities; PH, periventricular hyperintensities. 


Table 5.— Wechsler Memory Scale* 


NPH, 


Variable x (SD) 


P 
———————————— 

PH, Mann- 
x (SD) t Test Whitney U 





3.05 (2.26) 
0.79 (1.13) 
4.89 (4.88) 


Logical memory, immediatet 
Logical memory, delayedt 
Visual reproduction, immediate 





4.89 (2.07) .01 .02 
2.08 (1.79) .01 .01 
6.26 (3.50) 








0.79 (1.62) 


Visual reproduction, delayedt 


2.00 (2.41) 





8.62 (4.01) 


Paired associates, immediatet 


8.66 (4.34) 





2.53 (1.66) 


Paired associates, delayedt 





3.58 (1.90) 


* NPH indicates no periventricular hyperintensities; PH, periventricular hyperintensities. 


tDiscriminating variable. 





Table 6.—Wechsler Adult Intelligence Scale-Revised* 




















































































































NPH, N = 16, PH, N = 14, 
Variable x (SD) x (SD) 

Full scale IQ 81.73 (13.01) 83.57 (9.84) 
Verbal IQ 85.47 (14.38) 88.07 (10.82) 
Performance IQ 78.00 (11.53) 79.36 (10.46) 
Information 7.20 (1.82) 7.79 (2.22) 
Vocabulary 9.14 (2.82) 8.55 (1.99) 
Arithmetic 7.00 (2.67) 7.64 (2.10) 
Comprehension 7.28 (3.26) 7.71 (3.71) 
Similarities 7.00 (2.51) 7.29 (2.89) 
Picture completion 6.13 (2.77) 6.14 (3.42) 
Picture arrangement 6.60 (3.20) 5.86 (2.68) 
Block design 6.27 (2.87) 6.29 (2.37) 
Object assembly 5.27 (3.15) 6.15 (2.96) 














Digit symbol 


criteria of Diagnostic and Statistical 
Manual of Mental Disorders, Revised 
Third Edition, include radiological 
features. Multi-infarct dementia is a 
syndrome of acquired intellectual im- 
pairment with stepwise deteriorating 
course with variable mental status 
deficits. This includes, however, a het- 
erogeneous group of aphasic, apraxic, 
and agnosic patients who differ from 
patients with progressive diffuse vas- 
cular dementia. We were careful to ex- 
clude stroke patients and include 
only those who were referred with 
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5.10 (2.96) 
* NPH indicates no periventricular hyperintensities; PH, periventricular hyperintensities. 





6.45 (2.17) 


primary dementia. 

We studied early dementia at pre- 
sentation, distinct from retrospective 
studies comparing different stages of 
vascular dementia with AD. The dura- 
tion and severity of illness were 
matched, as the stage of disease is im- 
portant to determine the nature of the 
cognitive deficit. Language impair- 
ment, for instance, invariably develops 
in later stages of AD,*5 therefore, a 
patient with a later stage of AD com- 
pared with a relatively early case of 
nonprogressive vascular dementia or 


BD may show more language change. 
In contrast, our findings indicate more 
language changes with PH than with- 
out PH in this early dementia popula- 
tion. 

In the subcortical variety of certain 
forms of vascular dementia, such as 
BD, language decline may be early and 
loss of comprehension may turn out 
to be a marker for this type of subcor- 
tical pathology. This finding may be an 
apparent departure from the defini- 
tion of subcortical dementia by 
Albert who observed that patients 
with predominantly subcortical pa- 
thology such as progressive supranu- 
clear palsy and Parkinson's disease 
have less language disturbance than 
those with cortical dementia or AD. 
This principle is generally valid if pa- 
tients with later stage AD are consid- 
ered. However, there is a clinical and 
pathological difference between the 
neuronal system disorders, such as 
Parkinson's disease and progressive 
supranuclear palsy, and the periven- 
tricular subcortical lesions with sub- 
stantive, although patchy, disconnec- 
tions of the language network. 

Memory tests showed a significantly 
worse performance in AD patients 
without PH. All memory subtests, 
including visual reproduction, were 
worse in this group although the dif- 
ferences were the greatest in the logi- 
cal memory subtests and in delayed 
memory. Therefore, the performance 
on the Wechsler Memory Scale, as well 
as the memory subtest of the MDRS, 
are useful to discriminate patients 
with and without white matter in- 
volvement, even though they are 
matched for dementia severity. The 
combination of language tests with 
memory tests provides more discrimi- 
nating power than using only one test. 
Simple, brief tests, such as the Mini- 
Mental State Examination or encoding 
10 words in sentences is not likely to 
provide sufficient clinical information 
in the early assessment of dementia to 
distinguish between various sub- 
groups with possible different patho- 
genesis. 

There is evidence for the coexist- 
ence of AD pathology with vascular 
changes.'^!*/* Magnetic resonance im- 
aging appears to be particularly sensi- 
tive to the white matter hyperintensi- 
ties even in some of those cases that 
are clinically diagnosed as primary 
degenerative dementia or AD.*!?^'1530 
Recently, the term senile dementia of 
the Binswanger type was proposed to 
suggest that patients who show these 
changes should be considered sep- 
arately.'' Even though AD may coexist 
with vascular pathology, our study 
suggests that patients with or without 
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white matter changes may be distin- 
guishable neuropsychologically. More 
detailed studies with extensive cogni- 
tive correlations are needed to estab- 
lish the early diagnosis of BD and 
whether separation from AD is justi- 
fied on the basis of MRI appearance. 
Binswanger's disease or full-blown 
ischemic periventricular leukoenceph- 
alopathy is characterized by dementia 
with focal deficits, frontal lobe signs, 
pseudobulbar palsy, and gait difficul- 
ties with or without urinary incon- 
tinence.^? However, the majority of 
patients who present with radiological 
signs and mild dementia do not have 
the full syndrome. Pathological stud- 
ies of BD include a wide spectrum of 
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clinical disease, and correlation with 
neuropathological, clinical, and MRI 
patterns is still lacking. Since this is a 
potentially preventable and treatable 
form of dementia, its early identifica- 
tion has great clinical significance, 
even without pathological confirma- 
tion. 

It is too early to equate PH on the 
MRI or leuko-araiosis on CT with BD. 
Some have come to believe that MRI 
provides a nonspecific index of brain 
parenchymal alterations caused by 
aging and chronic cerebrovascular 
disease." Careful clinical follow-up of 
these patients will certainly be re- 
quired to clarify the issue. One study 
followed up a few patients with PH on 
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MRI and did not find significant 
deterioration.* For the time being, the 
designation of these patients as having 
possible dementia of the Binswanger 
type may be a useful distinction from 
those demented patients without the 
white matter changes. Our results sug- 
gest that some of the distinctions de- 
tected by systematic language and cog- 
nitive tests may be related to different 
pathologies, at least as they are dis- 
tinguished by the MRI. 


This study was supported by the Physician's 
Services Inc Foundation Grant No. 88-15 to Dr 
Kertesz. 

We are grateful for the assistance of Linda 
Carter, Bonita Caddel, Barbara Robertson, Patri- 
cia McCabe, and Larry Nicholson. 


32. Hachinski VC, Iliff LD, Zilkha E, et al. 
Cerebral blood flow in dementia. Arch Neurol. 
1975;32:632-637. 

33. McKhann G, Drachman D, Folstein M, 
Katzman R, Price D, Stadlan EM. Clinical diag- 
nosis of Alzheimer's disease. Neurology. 1984; 
34:939-944. 

34. Mattis S. Mental status examination for 
organic mental syndrome in the elderly patients. 
In: Bellak L, Karasu TB, eds. Geriatric Psychia- 
try: A Handbook for Psychiatrists and Primary 
Care Physicians. New York, NY: Grune & Strat- 
ton; 1976:77-121. 

35. Montgomery KM, Costa L. Concurrent 
validity of the Mattis Dementia Rating Scale. In: 
Mattis S, ed. Dementia Rating Scale Professional 
Manual. Odessa, Fla: Psychological Assessment 
Resources Inc; 1988. 

36. Vitaliano PP, Breen AR, Russo J, Albert M, 
Vitiello M, Prinz PN. The clinical utility of the 
Dementia Rating Scale for assessing Alzheimer 
patients. J Chronic Dis. 1984;31:143-153. 

37. Kertesz A. The Western Aphasia Battery. 
New York, NY: Grune & Stratton; 1982. 

38. Wechsler D. The WAIS-R Manual. New 
York, NY: The Psychological Corp; 1981. 

39. Wechsler D. A standardized memory scale 
for clinical use. J Psychol. 1945;19:87-95. 

40. Wechsler D. The Wechsler Memory Scale- 
Revised. New York, NY: The Psychological Corp; 
1987. 

41. Norusis MJ. SPSS/PC + V3.0. Chicago, Ill: 
SPSS Inc; 1988. 

42. Powell AL, Cummings JL, Hill MA, Benson 
DF. Speech and language alterations in multi-in- 
farct dementia. Neurology. 1988;38:717-719. 

43. Appell J, Kertesz A, Fisman M. A study of 
language functioning in Alzheimer patients. 
Brain Lang. 1982;17:73-91. 

44. Kertesz A, Appell J, Fisman M. The disso- 
lution of language in Alzheimer's disease. Can J 
Neurol Sci. 1986;13:415-418. 

45. Faber-Langendoen K, Morris JC, Knesevich 
JW, LaBarge E, Miller JP, Berg L. Aphasia in se- 
nile dementia of the Alzheimer type. Ann Neurol. 
1988;23:365-370. 

46. Albert ML. Subcortical dementia. In: Katz- 
man R, Terry RD, eds. Alzheimer's Disease: Senile 
Dementia and Related Disorders. New York, NY: 
Raven Press; 1978:173-180. 

47. Awad IA, Johnson PC, Spetzler RF, Hodak 
JA. Incidental subcortical lesions identified on 
magnetic resonance imaging in the elderly, II: 
postmortem pathological correlations. Stroke. 
1986;17:1090-1097. 

48. Hershey LA, Modic MT, Jaffe DF, 
Greenough PG. Natural history of the vascular 
dementias: a prospective study of seven cases. Can 
J Neurol Sci. 1986;13:559-565. 


Dementia—Kertesz et al 391 


"SR 


Regional Cerebral Blood Flow in Patients 
With Leuko-Araiosis and 


Atherosclerotic Carotid Artery Disease 


Karl Herholz, MD; Walter Heindel, MD; Angelika Rackl, MD; Ines Neubauer, MD; Wolfgang Steinbrich, MD; 
Uwe Pietrzyk, PhD; Heide Erasmi-Kórber, MD; Wolf-Dieter Heiss, MD 


€ Therelation between white-matter le- 
sions (WMLs), demonstrated with mag- 
netic resonance imaging, and regional ce- 
rebral blood flow (CBF), measured with 
dynamic positron emission tomography 
and [°F] fluoromethane, was investigated 
in 20 patients with atherosclerotic disease 
of the internal carotid artery. There was no 
correlation between the extent of small 
patchy WMLs and hemispheric CBF, but 
hemispheric CBF was significantly re- 
duced in 5 patients with multiple large or 
confluent lesions. Distinct focal cortical 
CBF reductions were observed when large 
WMLs (>5 mm) were located directly be- 
neath the cortex, whereas large WMLs in 
deeper white matter were associated with 
amore diffuse decrease of cortical perfu- 


Areas of high signal intensity in ce- 

rebral white matter (white-mat- 
ter lesions [WMLs]) on T,-weighted 
magnetic resonance images (MRIs) are 
a frequent finding in patients with 
cerebrovascular disease. It has there- 
fore been suggested that they may 
represent ischemic vascular lesions in 
those patients." If large enough, 
WMLs usually correspond to hypo- 
dense white-matter alterations in x- 
ray computed tomography, but small 
lesions are detected by MRI with 
higher sensitivity. 
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sion. There was no evidence of preferen- 
tial CBF reduction in vascular border 
zones with increasing severity of WMLs or 
stenosis of the internal carotid artery. The 
side of previous transient ischemic symp- 
toms correlated significantly with hemi- 
spheric CBF asymmetries, but not with 
asymmetries of WMLs and internal carotid 
artery stenosis. It can be concluded from 
these results that the presence of small 
patchy WMLs shown by magnetic reso- 
nance imaging cannot be used as evi- 
dence of impaired cerebral perfusion, 
while large lesions indicate clinically rele- 
vant cerebrovascular disease affecting 
cortical blood flow. 
(Arch Neurol. 1990;47:392-396) 


The increase of the MRI signal is an 
unspecific finding, and pathoanatomic 
investigations have revealed a variety 
of conditions other than small infarcts 
that may underlie such areas even in 
elderly patients with vascular risk 
factors.*’ With regard to the uncertain 
etiology and pathology of those le- 
sions, Hachinski et al* coined the de- 
scriptive term leuko-araiosis. We in- 
vestigated whether this condition is 
associated with alterations of regional 
cerebral blood flow (rCBF). This would 
be of particular interest with regard to 
the uncertainties of proper selection of 
patients who might benefit from res- 
toration of normal blood flow by vas- 
cular surgery. 


PATIENTS AND METHODS 


Twenty patients (15 men and 5 women) 
were included in the study. The average age 
was 62.9 years (range, 43 to 73 years). All 


had been evaluated because of suspected 
cerebrovascular disease by general medical 
and neurologic examination, including rou- 
tine laboratory tests, by MRI, and by duplex 
sonography (7 cases) or angiography (13 
cases) of the carotid arteries. Seven had a 
history of amaurosis fugax as the only clin- 
ical symptom, 8 had a history of a transient 
ischemic attack (TIA) with symptoms re- 
lated to the territory of one middle cerebral 
artery (MCA), and 3 suffered only from un- 
specific symptoms, eg, dizziness, most likely 
related to perfusion disturbance in the 
brain stem and cerebellum. Two had no 
clinical symptoms of cerebrovascular dis- 
ease. Occasionally, minor neurologic defi- 
cits, not clearly related to cerebrovascular 
disease, were noted. In 3 patients a mild or- 
ganie brain syndrome with slight memory 
impairment was noted; the others did not 
show signs of mental impairment at clinical 
examination. The neurologic score accord- 
ing to Mathew et al? ranged from 90 to 100 
(maximum possible score, 100), with an av- 
erage of 98. Patients with unequivocal per- 
sistent focal neurologic signs or MRI evi- 
dence of cerebral infarction, other than 
WMLs, were excluded. All patients gave in- 
formed consent. 

The MRI was performed on a whole-body 
MRI system (Gyroscan S 15, Philips, Eind- 
hoven, the Netherlands) operating at 1.5 T. 
Axial scans were obtained with a double- 
echo multislice imaging technique using the 
spin echo sequence at a repetition time of 
2500 milliseconds and echo times of 50 and 
100 milliseconds. Two-dimensional Fourier 
transform imaging, a 256 X 256 acquisition 
data matrix, and 5.2-mm slice thickness 
were used. Tomograms were evaluated vi- 
sually, and WMLs were ranked separately 
for each hemisphere according to the 
scheme shown in the Table. 

Positron emission tomographie (PET) 
rCBF measurements were performed with 
the patient in a resting state with eyes 
closed and ears unplugged in a room with 
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Scale for Grading White-Matter 
Lucencies (WMLs) 

















Score WMLs 

o No lesions 

1 Up to 3 lesions «5 mm and/or 
1 lesion 25 mm 

2 Up to 10 lesions 5 mm and/or 
up to 3 lesions —5 mm 

3 More than 10 lesions <5 mm 
and/or up to 10 lesions 
=5 mm 

4 More than 10 single lesions 






>5 mm and/or 1 or more 
large confluent lesions 






a room with dimmed light and low back- 
ground noise, mainly caused by the fans of 
the electronic equipment. Each patient in- 
haled 1480 to 1850 MBg of the inert freely 
diffusible gas [F] fluoromethane via a face- 
mask and a closed breathing system over 2 
minutes, followed by a 7-minute period of 
room air breathing and tracer washout. An 
oxygen content of 21 + 3 vol% was main- 
tained during rebreathing, and exhaled car- 
bon dioxide was trapped by a soda-lime ab- 
sorber. Arterial tracer concentration was 
measured in multiple blood samples drawn 
from a Teflon cannula that had been in- 
serted in a radial artery before the mea- 
surement. Twenty sequential PET scans 
were recorded with a four-ring/seven-slice 
tomograph (PC 384, Scanditronix, Uppsala, 
Sweden, in plane resolution 7.8 mm 
FWHM) over the total measurement time 
of 9 minutes, and rCBF was calculated for 
each pixel by fitting the appropriate model 
equation with one tissue compartment" to 
the measured data. Thus, rCBF tomograms 
of seven slices with a thickness of approx- 
imately 11 mm, and a center-to-center slice 
distance of 13.7 mm, were obtained. All to- 
mograms, PETs, and MRIs were recorded in 
planes parallel to the canthomeatal plane. 

Regional CBF was determined within 
standard regions of interest, which were 
generated by a semiautomatic procedure 
based on an adjustable map" with respect 
to cortical vascular territories and major 
brain structures (Fig 1). Global CBF was 
calculated as the average of all regions, 
weighted by region size. In addition, major 
WMLs of grade IV and ventricles (to be ex- 
cluded from standard regionalization) were 
outlined on MRI scans and were transferred 
electronically onto corresponding PET im- 
ages. 

Lesions of the internal carotid arteries 
(ICAs) were graded by angiography or du- 
plex sonography according to the following 
scheme: 0 indicates no stenosis; 1, stenosis 
less than 70%; 2, stenosis equal to or more 
than 70%; and 3, occlusion. 

Whenever possible, data were analyzed 
by nonparametric statistical tests (Kendall 
correlations with appropriate correction 
for ties, 7,, and Wilcoxon's tests) using a 
commercial software package (SAS Insti- 
tute, Cary, NC). In few instances, linear re- 
gression and analysis of variance with mul- 
tiple means comparisons were applied as 
indicated in the “Results” section. 
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Fig 1.—Positron emission tomography regional cerebral blood flow study (gray scale range, 5 to 
65 mL/ 100 g per minute with standard regions marked) of a 54-year-old woman with high-grade 
left-sided internal carotid artery stenosis, bilateral grade Il white-matter lucencies, and past left- 
hemispheric transient ischemic symptoms: six slices parallel to the canthomeatal plane showing 
a hemispheric asymmetry with moderate focal cerebral blood flow reductions in left parietal and 
frontotemporal regions (arrowheads; viewer's right side is patient's left). 


RESULTS 


The average global CBF of all pa- 
tients was 39.3 mL/100 g per minute 
(SD, 6.7 mL/100 g per minute). The 
median WML score of both hemi- 
spheres was 2 (range: left, 1 to 4; right, 
0to4), and the median ICA lesion score 
was 1 on the left side and 2 on the right 
side (ranges, 0 to 3). Average arterial 
Pco, was 38.3 mm Hg (SD, 2.5 mm Hg). 
Global CBF (in milliliters per 100 g per 
minute) was not significantly depen- 
dent on age (in years) or arterial Pco, 
(in millimeters of mercury) (regres- 
sion equation, CBF = 33.1 + 0.58 x 
Pco, — 0.25 X age; F = 1.78; P = .20). 
When these nonsignificant regression 
coefficients were used in an attempt to 
adjust CBF values for Pco, and age, the 
relation between CBF and the other 
variables (WML and carotid stenosis 
score) was essentially unchanged. 
Therefore, the original unadjusted 
CBF values were used throughout. 

There was a tendency toward lower 
global CBF values in those patients 
with more severe WMLs, but no sig- 
nificant correlation was established. 
Essentially the same result was ob- 
tained correlating hemispheric CBF 
values with corresponding  hemi- 
spheric WML scores (7, = —0.18; 
P = 14). As illustrated in Fig 2, this 
lack of significant correlation was due 
to quite similar hemispheric CBF val- 


ues in patients with WML scores be- 
tween 0 and 3, yet CBF values were 
significantly lower in hemispheres 
with grade IV WMLs (31.8 + 4.7 mL/ 
100 g per minute; P = .0012 in analysis 
of variance with Tukey-Kramer's mul- 
tiple-means comparison). There was 
no significant correlation between 
hemispheric CBF values and grade of 
ipsilateral ICA stenosis (7 = 0.17; 
P= 18). 

Hemispheric CBF asymmetries cor- 
responded to asymmetries of WML 
scores (7, = —0.39; P = .034) and ICA 
stenosis grades (7, = —0.56; P = .0012), 
but the correlation between WML 
score and ICA stenosis asymmetries 
was not significant (7, = 0.35; 
P = .074). In the hemisphere related to 
a previous TIA or amaurosis fugax, 
lower CBF values were observed than 
in the contralateral hemisphere; the 
left side-right side difference was 0.4 
mL/100 g per minute (SD, 0.9 mL/100 
g per minute) in patients with right 
hemispheric symptoms, and —1.1 mL/ 
100 g per minute (SD, 1.2 mL/100 g per 
minute) in those with left hemispheric 
symptoms (P = .026 in Wilcoxon’s test; 
Fig 3). In contrast, there was no sig- 
nificant association between the side of 
previous symptoms and WML or ICA 
stenosis grades. 

To analyze the pattern of rCBF dis- 
tribution within hemispheres, rCBF 
was determined in the territories of 
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Fig 2.— Plot of hemispheric cerebral blood flow (CBF) vs corresponding white-matter lucency 
(WML) scores showing significant CBF reduction in hemispheres with multiple large or confluent 
WMLs (score, 4). Circles indicate left, triangles, right. 
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Fig 3.— Plot of left vs right hemispheric cerebral blood flow (CBF) differences vs side of previous 


transient ischemic attack symptoms. 


the anterior, middle, and posterior ce- 
rebral artery, as well as in the border 
zones between them. Relative territo- 
rial values were calculated by dividing 
these values through hemispheric 
blood flow. We did not, however, ob- 
serve systematic differences in rCBF 
distribution related to the extent of 
WMLs or the grade of ICA stenosis. In 
partieular, there was no significant 
correlation between relative rCBF in 
anterior or posterior border zone ter- 
ritories and WML or ICA stenosis 
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grade; neither did white-matter CBF 
correlate with the extent of WMLs. 
However, two patients with large sub- 
cortical WMLs showed clear focal CBF 
reductions in adjacent border zone cor- 
tex (Fig 4, left), but both patients had 
ICA stenoses of less than 70%. Focal 
cortical blood flow reductions were less 
pronounced in the remaining three 
patients with grade IV lesions mainly 
located in deep white matter close to 
the posterior horn of the lateral ven- 
tricle (Fig 4, right). 


COMMENT 


These data demonstrate a variable 
relation between the extent of WMLs 
and cortical blood flow reductions. Sev- 
eral factors may contribute to that 
variability. 

One source may be the technical 
variability of CBF measurement. If it 
were too high, it could theoretically 
overshadow a relation between WMLs 
and CBF. We can, however, exclude 
this possibility since absolute rCBF 
values measured with the present 
technique were reproduced with a 
highly significant correction coeffi- 
cient (r = .84) by independent repeated 
measurements using the tracer oxy- 
gen-15 water in another study of 20 
patients." 

Physiologic CBF variability may be 
caused by the variation of age and 
Pco,. We did not, however, find a sig- 
nifieant regression of CBF on those 
parameters in our data, indicating 
that they did not represent a predom- 
inant source of variability. In addition, 
adjustment of CBF values for age and 
arterial Pco, using the respective non- 
significant regression coefficients, 
which were compatible with published 
data,'^' did not improve the correla- 
tion of CBF with the extent of WMLs. 

Analyzing both hemispheres sepa- 
rately, we found no significant overall 
correlation between CBF and WML 
scores, but the data indicated that CBF 
was significantly lower in those hemi- 
spheres with multiple large or conflu- 
ent WMLs (grade IV) than in all other 
hemispheres. Thus, the presence of 
such large lesions may indicate im- 
paired hemispheric perfusion. This ob- 
servation is consistent with previous 
reports that confluent WMLs seen on 
MRI in patients with cerebrovascular 
risk factors most likely represent is- 
chemic infarcts, provided that there is 
no evidence of neoplasia or inflamma- ^` 
tory disease. However, smaller 
patchy lesions, particularly if located 
periventricularly, may be caused by a 
variety of other conditions, including 
enlargement of Virchow-Robin spaces, 
demyelinization,** small vascular mal- 
formations, and diverticula of the 
lateral ventricles.'5 They have fre- 
quently been observed in healthy eld- 
erly persons'^ and in patients with de- 
generative dementia without evidence 
of cerebrovascular disease." More ex- 
tensive periventricular hyperintensi- 
ties were observed in normal-pressure 
hydrocephalus.? In spite of the hetero- 
geneous pathologic findings underly- 
ing small patchy WMLs, they are gen- 
erally seen more frequently in patients 
with hypertension and other cere- 
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Fig 4. —Left, T;-weighted magnetic resonance imaging (MRI; left) and corresponding positron emission tomography (PET; 
right) regional cerebral blood flow measurement in a 63-year-old man showing two large (5 mm) subcortical white-matter 
lucencies (WMLs) (marked by regions) and focal blood flow reductions (10 to 65 mL/ 100 g per minute) in adjacent cortex. 
Right, MRI (left) and PET (right) in another 63-year-old man showing multiple and confluent WMLs bilaterally in deep white 
matter with more diffuse cortical blood flow reduction (10 to 65 mL/ 100 g per minute). 


brovascular risk factors”'*”° or extra- 
cranial malignancy. However, our 
data indicate that the presence of 
small WMLs cannot be interpreted as 
evidence of impaired cerebral perfu- 
sion. 

There are at least three pathophys- 
iologic mechanisms that could explain 
the association between large WMLs 
and reduced CBF. The first one is to 
assume that severely reduced cerebral 
perfusion pressure due to carotid ar- 
tery stenosis is the common cause for 
CBF reduction and white-matter in- 
farction. We could not find evidence 
supporting this hypothesis in our data 
because we did not observe predomi- 
nant rCBF reductions in the border 
zones of the territory of the middle ce- 
rebral artery that could be related to 
the severity of ICA stenosis or the ex- 
tent of WMLs. An association between 
such border zone flow reductions and 
high-grade carotid artery stenosis was 
reported by Leblanc et al,” but they did 
not investigate the presence of WMLs 
with MRI. 

The second possible mechanism 
would be neuronal cortical deactiva- 
tion caused by disruption of functional 
pathways in the white-matter in- 
farcts. Such inactivations are believed 
to be the most likely cause of remote 
effects on cortical glucose consumption 
and blood flow that have been observed 
in patients with infarcts of the inter- 


1. Erkinjuntti T, Sipponen JT, livanainen M, 
Ketonen L, Sulkava R, Sepponen RE. Cerebral 
NMR and CT imaging in dementia. J Comput As- 
sist Tomogr. 1984;8:614-618. 
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nal capsule or basal ganglia.» We 
found clear focal CBF reductions in 
cortical areas overlying large WMLs in 
two of the five patients with grade IV 
WMLs. The other three cases showing 
only minor or questionable focal corti- 
cal CBF reduction had lesions located 
in deep white matter, not affecting the 
subcortical U fibers. Thus, functional 
inactivations due to pathway disrup- 
tion may have been reflected in these 
cases more by diffuse hemispheric CBF 
reduction than by focal effects. 

A third possibility to explain our 
findings would be that cortical flow re- 
duction represents diffuse neuronal 
loss due to past transient ischemia, 
whereas large WMLs could be the re- 
sult of slowly progressing atheroscle- 
rosis of small perforating arteries. 
Thus, large WMLs and cortical CBF 
alterations would be largely indepen- 
dent manifestations of generalized 
cerebrovascular disease. This hy- 
pothesis is further supported by the 
fact that CBF was generally lower in 
the hemisphere corresponding to pre- 
vious symptoms, whereas WML asym- 
metries did not correspond to symp- 
tom side or severity of carotid artery 
stenosis. Thus, rCBF asymmetries ap- 
pear to be the most sensitive indicators 
of clinically relevant past ischemia. 

Persistent CBF reductions in pa- 
tients who had experienced transient 
neurologic symptoms have also been 


References 


2. Gerard G, Weisberg LA. MRI periventricu- 
lar lesions in adults. Neurology. 1986;36:998-1001. 
3. Lechner H, Schmidt R, Bertha G, Justich E, 
Offenbecher H, Schneider G. Nuclear magnetic 


described by Vorstrup et al” and Itoh 
et al.” Those authors also suggested 
that decreased flow may indicate irre- 
versible neuronal loss caused by tran- 
sient ischemia rather than reversible 
ischemia, ie, *misery perfusion" as de- 
scribed by Baron et al. A significant 
correlation between neuronal density 
and CBF was also found in the periph- 
ery of chronic infarcts in an experi- 
mental study.? In contrast, Powers et 
al" reported that 14 of 18 patients with 
high-grade (>66% diameter reduc- 
tion) carotid artery stenosis, most of 
whom had also experienced TIAs, had 
CBF values within the normal range. 
Most of them had an increased ratio of 
blood volume to blood flow, suggesting 
reversible vasodilatation as a compen- 
satory mechanism for reduced perfu- 
sion pressure. 

In eonclusion, multiple large or con- 
fluent WMLs and cortical blood flow 
reductions appear to reflect comple- 
mentary aspects of cerebrovascular 
disease. We found no evidence that 
they might be a direct indicator of the 
severity of ICA stenosis, but they may 
rather be a result of generalized ath- 
erosclerosis or past ischemia. Cortical 
blood flow reductions may also be 
caused by neuronal deactivation due to 
disruption of functional pathways by 
large WMLs. 


resonance imaging white matter lesions and risk 
factors for stroke in normal individuals. Stroke. 
1988;19:263-265. 

4. Braffman BH, Zimmerman RA, Trojanowski 


Cerebral Blood Flow—Herholz et al 395 


JQ, Gonetas NK, Hickey WF, Schlaepfer WW. 
Brain MR: pathologie correlation with gross and 
histopathology, 1: lacunar infarction and Vir- 
chow-Robin spaces. AJR. 1988;151:551-558. 

5. Braffman BH, Zimmerman RA, Trojanowski 
JQ, Gonetas NK, Hickey WF, Schlaepfer WW. 
Brain MR: pathologic correlation with gross and 
histopathology, 2: hyperintense white-matter foci 
in the elderly. AJR. 1988;151:559-566. 

6. Jungreis CA, Kanal E, Hirsch WL, Martinez 
AJ, Moossy J. Normal perivascular spaces mim- 
icking lacunar infarction: MR imaging. Radiol- 
ogy. 1988;169:101-104. 

7. Gupta SR, Naheedy MH, Young JC, Ghobrial 
M, Rubino FA, Hindo W. Periventricular white 
matter changes and dementia: Clinical, neuropsy- 
chological, radiological, and pathological correla- 
tion. Arch Neurol. 1988;45:637-641. 

8. Hachinski VC, Potter P, Merskey H. Leuko- 
araiosis. Arch Neurol. 1987;44:21-23. 

9. Mathew NT, Meyer JS, Rivera VM, Charney 
JZ, Hartmann A. Double-blind evaluation of glyc- 
erol therapy in acute cerebral infarction. Lancet. 
1972;2:1321-1329. 

10. Holden JE, Gatley SJ, Hichwa RD, et al. 
Cerebral blood flow using PET measurements of 
fluoromethane kinetics. J Nucl Med. 1981;22: 
1084-1088. 

11. Herholz K, Pawlik G, Wienhard K, Heiss 
WD. Computer assisted mapping in quantitative 
analysis of cerebral positron emission tomo- 
grams. J Comput Assist Tomogr. 1985;9:154-161. 

12. Herholz K, Pietrzyk U, Wienhard K, et al. 
Regional cerebral blood flow measurement with 
intravenous ‘“O-water bolus and "F-fluoro- 
methane inhalation: effects of circulatory delay 
time and incomplete water extraction. Stroke. 
1989;20:1174-1181. 

13. Reivich M. Arterial Pco, and cerebral he- 
modynamics. Am J Physiol. 1964;206:25-35. 


396 Arch Neurol— Vol 47, April 1990 


14. Davis SM, Ackerman RH, Correia JA, et al. 
Cerebral blood flow and cerebrovascular CO, re- 
activity in stroke-age normal controls. Neurology. 
1983;33:391-399. 

15. Brant-Zawadzki M, Kucharezyk W. Vascu- 
lar disease: ischemia. In: Brant-Zawadzki M, Nor- 
man D, eds. Magnetic Resonance Imaging of the 
Central Nervous System. New York, NY: Raven 
Press, 1987:221-234. 

16. Kirkpatrick JB, Hayman LA. White-matter 
lesions in MR imaging of clinically healthy brains 
of elderly subjects: possible pathologic basis. Ra- 
diology. 1987;162:509-511. 

17. Rezek DL, Morris JC, Fulling KH, Gado 
MH. Periventrieular white matter lucencies in 
senile dementia of the Alzheimer type and in nor- 
mal aging. Neurology. 1987;37:1365-1368. 

18. Steingart A, Hachinski VC, Lau C, et al. 
Cognitive and neurologic findings in demented 
patients with diffuse white matter lucencies on 
computed tomographic scan (leuko-araiosis). 
Arch Neurol. 1987;44:36-39. 

19. Fazekas F, Niederkorn K, Schmidt R, et al. 
White matter signal abnormalities in normal 
individuals: correlation with carotid ultrasonog- 
raphy, cerebral blood flow measurements, and 
cerebrovascular risk factors. Stroke. 1988; 
19:1285-1288. 

20. Steinbrich W, Friedmann G, Pawlik G, 
Bócher-Schwarz HG, Heiss WD. MR bei ischami- 
schen Hirnerkrankungen. Fortschr Rontgenstr. 
1986;145:173-181. 

21. Sarpel G, Chaudry F, Hindo W. Magnetic 
resonance imaging of periventricular hyperinten- 
sity in a Veterans Administration hospital popu- 
lation. Arch Neurol. 1987;44:725-728. 

22. Leblanc R, Yamamoto YL, Tyler JL, Diksic 
M, Hakim A. Borderzone ischemia. Ann Neurol. 
1987;22:707-713. 

23. Pawlik G, Beil C, Herholz K, Szelies B, 


Wienhard K, Heiss WD. Comparative dynamic 
FDG-PET study of functional deactivation in 
thalamic versus extrathalamic focal ischemic 
brain lesions. J Cereb Blood Flow Metab. 1985; 
5(suppl 1):S9-S10. 

24. Baron JC, D'Antona R, Pantano P, Serdaru 
M, Samson Y, Bousser MG. Effects of thalamic 
stroke on energy metabolism of the cerebral cor- 
tex: A positron tomography study in man. Brain. 
1986;109:1243-1259. 

25. Takano T, Kimura K, Nakamura M, et al. 
Effect of small deep hemispheric infarction on the 
ipsilateral cortical blood flow in man. Stroke. 
1985;16:64-69. 

26. Vorstrup S, Hemmingsen R, Henriksen L, 
Lindenwald H, Engell HC, Lassen NA. Regional 
cerebral blood flow in patients with transient is- 
chemic attacks studied by xenon-133 inhalation 
and emission tomography. Stroke. 1983;14:903- 
910. 

27. Itoh M, Hatazawa J, Pozzilli C, et al. Hae- 
modynamies and oxygen metabolism in patients 
after reversible ischaemic attack or minor is- 
chaemie stroke assessed with positron emission 
tomography. Neuroradiology. 1987;29:416-421. 

28. Baron JC, Bousser MG, Rey A, Guillard A, 
Comar D, Castaigne P. Reversal of focal ‘misery- 
perfusion syndrome’ by extra-intracranial arte- 
rial bypass in hemodynamic cerebral ischemia. A 
case study with O positron emission tomogra- 
phy. Stroke. 1981;12:454-459. 

29. Mies G, Auer LM, Ebhardt G, Traupe H, 
Heiss WD. Flow and neuronal density in tissue 
surrounding chronic infarction. Stroke. 1983; 
14:22-27. 

30. Powers WJ, Press GA, Grubb RL Jr, Gado 
M, Raichle ME. The effect of hemodynamically 
significant carotid artery disease on the hemody- 
namic status of the cerebral circulation. Ann In- 
tern Med. 1987;106:27-35. 


Cerebral Blood Flow—Herholz et al 


Neuropsychological Impairments Associated 
With Lesions Caused by Tumor or Stroke 


Steven W. Anderson, PhD; Hanna Damasio, MD; Daniel Tranel, PhD 


* Populations of patients with strokes 
or tumors constitute the most frequently 
used subjects in neuropsychological re- 
search, and these populations are often 
combined when the investigation aims at 
establishing brain-behavior relationships. 
We compared these two populations with 
respect to their neuropsychological pro- 
files. Seventeen subjects with tumors 
were individually matched to subjects with 
unilateral strokes on the basis of lesion lo- 
cation. Despite close matching of lesions, 
there were major differences in the neu- 
ropsychological impairments of the two 
groups, eg, all subjects with stroke in the 
left hemisphere had more severe language 
defects than did their counterparts with 
tumors, and some tumor subjects per- 
formed normally on all neuropsychological 
tests. These findings demonstrate that the 
cognitive and/or behavioral conse- 
quences of tumors or strokes in similar lo- 
cations can be radically different. The two 
patient types should be treated separately 
for the purpose of neuropsychological re- 
search. 

(Arch Neurol. 1990;47:397-405) 


P atients with intracranial tumors or 

stroke are the most frequent sub- 
jects for neuropsychological research 
based on the lesion method, ie, the 
study of the relationship between 
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damage to specific neuroanatomic 
Structures and certain cognitive and/ 
or behavioral defects. However, it is 
highly questionable that tumor and 
stroke cases should be treated equiva- 
lently, even when the apparent struc- 
tural damage is in similar locations. 
The dysfunction caused by stroke de- 
pends largely on the direct and radical 
destruction of neurons. In contrast, 
tumors begin by displacing neuronal 
structures, and may not actually cause 
neuronal destruction for relatively 
long periods. The lack of consistent re- 
lationships between the location of in- 
tracranial tumors and patterns of cog- 
nitive impairment has long been rec- 
ognized. For example, in 1931, Kinnier 
Wilson! noted that “every neurologist 
with experience must now agree that 
the localizing value of mental symp- 
toms in cases of cerebral tumor is 
practically nil.” 

Some earlier studies have addressed 
the cognitive and behavioral conse- 
quences of tumors. In a study of apha- 
sia caused by left hemisphere tumors, 
Kanzer? observed that the most prom- 
inent early symptom was impaired 
word finding. This appeared to be in- 
dependent of tumor location, which 
was determined on the basis of neuro- 
logic signs. Similar findings were re- 
ported in a study of German-speaking 
subjects with left hemisphere tumors 
and language disturbances. The pat- 
tern of performance on an aphasia 
battery seemed to be independent of 
tumor location (presylvian, postsylvi- 
an, or subcortical). All tumor patients 
presented primarily with impaired 
word-finding ability. 

In a review of the literature on non- 


aphasic cognitive changes following 
lesions caused by tumors, head 
trauma, or surgical ablation, Kle- 
banoff* concluded that the mental 
symptoms that result from tumors in 
either the frontal or temporal lobes 
were essentially indistinguishable 
from one another. Klebanoff also noted 
that some of the alterations found af- 
ter frontal lobe lesions did not appear 
as consistently in cases of tumor as 
they did in traumatic lesions. 

Motor and cognitive impairments 
resulting from unilateral stroke or tu- 
mor were studied by Haaland and 
Delaney; The tumor group included 
some subjects who were examined fol- 
lowing surgical resection of the tumor. 
They found that stroke subjects, par- 
ticularly those with left hemisphere 
lesions, had greater contralateral mo- 
tor impairment than did tumor sub- 
jects. In addition, subjects with left 
hemisphere lesions due to stroke had 
significant impairment of verbal intel- 
lect relative to nonverbal intellect, but 
the left hemisphere tumor subjects 
showed no difference between verbal 
and nonverbal intellect. 

A systematic comparison between 
the cognitive impairments of patients 
with tumor and patients with stroke 
based on modern neuropsychological 
and neuroanatomical procedures has 
never been undertaken, and it is not 
uncommon for the two patient types to 
be combined in research groups. The 
purpose of this study was to compare 
the neuropsychological profiles of a 
group of patients with intracranial tu- 
mors and a group of patients with le- 
sions in similar locations caused by 
stroke, and to use these findings to ad- 
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Fig 1.— Plottings of lesions onto standard transverse templates for left 
hemisphere- damaged subjects. Tumor cases are on the left, and the 
matched stroke cases are on the right. 
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Fig 2.—Plottings of lesions onto standard transverse templates for right 
hemisphere-damaged subjects. Tumor cases are on the left, and the 
matched stroke cases are on the right. 
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dress the acceptability of the practice 
of combining patients with tumor and 
patients with stroke in research 
groups. 


SUBJECTS AND METHODS 
Subject Selection and Matching 


All subjects were fully right-handed 
adults, as defined by the Geschwind-Old- 
field questionnaire,’ who satisfied the fol- 
lowing selection criteria. No subject had a 
history of psychiatric disorder, substance 
abuse, head trauma, or neurologic disease 
other than a single tumor or stroke. All 
subjects had a minimum of an eighth-grade 
education. For every subject, the neuropsy- 
chological evaluation and computed tomo- 
graphic (CT) scans or magnetic resonance 
(MR) images were obtained within 2 weeks 
of one another; in most subjects, the two 
data sets were obtained on the same day. 
Tumor subjects were studied prior to any 
therapeutic intervention. Stroke subjects 
were studied at least 4 weeks after the event 
and, for most subjects, 3 months after the 
event. 

Thirty-five patients with unilateral glio- 
mas or meningiomas were selected on the 
basis of high-quality CT or MR films and 
comprehensive neuropsychological data. 
Lesion locations were determined for all 
tumor cases according to the procedures 
described below. From a pool of over 400 
cases with completed stroke studied with 
the same procedure and also in blind fash- 
ion, an anatomical match was then at- 
tempted on a case-by-case basis. 

The goal of the anatomical matching was 
to equate the location and size of the cere- 
brovascular lesion to the location and size 
of the tumor image, on a case-by-case basis. 
It was hypothesized that lesions due to 
stroke may be more devastating for cogni- 
tive function than similarly located tumor 
lesions. In light of this hypothesis, in order 
to maximize the effectiveness of our tumor- 
stroke comparisons, it was required that 
the lesion in stroke cases be either as large 
as or smaller than the lesion in the matched 
tumor cases. Because tumor growth does 
not respect vascular boundaries, it was not 
possible in 18 instances to find appropriate 
matches, and these tumor cases were 
dropped. In 2 instances in which a tumor 
extended across vascular boundaries, more 
than one stroke match was used for com- 
parison. This resulted in a final group of 17 
tumor cases and 19 stroke cases. Due to the 
selection and matching process, the final 
group comprised lesion loci that fell prima- 
rily in the region of the middle cerebral ar- 
tery distribution. Although lesions that are 
very anterior or posterior tend to be under- 
represented in our group, there is no reason 
to believe that the basic principles under 
investigation would not apply equally well 
to all loci. The templates with the lesions of 
the left hemisphere damaged-subjects are 
presented in Fig 1, and those for the right 
hemisphere damaged-subjects are pre- 
sented in Fig 2. 


Neuroanatomical Study 


The neuroanatomical study was based on 
analysis of CT scans and MR images ac- 
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Fig 3.—Lateral and mesial line drawings of a left hemisphere showing the boundaries of anatomic 
regions considered in this study. The regions of the auditory cortex, insula, and deep gray and white 
matter were also considered, but they are not pictured. 


cording to the standard procedures of our 
units Neuroimaging Laboratory. The 
method calls for investigators blind to the 
neurological and neuropsychological status 
of the subject to transfer the lesion contour 
onto an appropriate template system that 
permits the allocation of site of damage to 
one of several regions of interest (30 regions 
were considered). Figure 3 shows the de- 
marcation of these regions onto lateral and 
mesial line drawings of a brain. For each 
damaged region, the extent of involvement 
was recorded on a 4-point scale (0, no in- 
volvement; 1, minimal involvement [<25% ]; 
2, partial involvement [between 25% and 
75% ]; and 3, total involvement [>75% |). The 
neuroanatomical analyses of the left hemi- 
sphere- and right hemisphere-damaged 
subjects are presented in Tables 1 and 2, 
respectively. As indicated in these tables, 
analysis was based on CT in 27 cases (13 tu- 
mor and 14 stroke), MR in 5 cases (2 tumor 
and 3 stroke), and CT and MR in 4 cases (2 
tumor and 2 stroke). 


Neuropsychological Study 


All subjects were administered a stan- 
dard battery of neuropsychological tests 


that probed verbal and nonverbal intellect, 
verbal and visual memory, speech and lan- 
guage, visuoperception, and visuoconstruc- 
tional abilities. The battery included the 
following tests: Wechsler Adult Intelli- 
gence Scale-Revised, Wechsler Memory 
Scale,” the revised Benton Visual Reten- 
tion Test, Multilingual Aphasia Exam- 
ination,? Boston Diagnostic Aphasia Ex- 
amination Reading Sentences and Para- 
graphs subtest,” Facial Recognition Test,'* 
Judgment of Line Orientation, Rey-Oster- 
rieth Complex Figure Test,” and the Test of 
Three-Dimensional Constructional Prax- 
is.“ A flexible, hypothesis-guided approach 
to neuropsychological evaluation was em- 
ployed," and the specific tests administered 
to each subject varied slightly according to 
the reason for referral and the subject's 
ability to participate in the procedures. 


RESULTS 
Demographic Variables 


The tumor and stroke subject groups 
were well-matched with respect to 
gender and educational level (Tables 3 
and 4). In the tumor group, there were 
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11 men and 6 women. In the stroke 
group, there were 10 men and 9 women. 
The modal educational level was high- 
school graduate (n = 20), with no sig- 
nificant difference between the tumor 
and stroke groups in years of formal 
education (tumor subjects, % = 13.3 
years; stroke subjects, % = 12.3 years). 
Standardized neuropsychological test 
scores were corrected for educational 
level when norms were available. With 
regard to age, the tumor subjects in the 
left hemisphere group were somewhat 
younger that their stroke counterparts 
(= 44.6, SD=16.2; 272592, SD = 
11.6, respectively). In the right hemi- 
sphere group, the tumor subjects were 
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*Tumor-stroke matches are indicated by braces. CT indicates computed tomography; 
and S, stroke. Extent of involvement is scored as follows: 1, minimal involvement (<25%); 


also slightly younger, although the 
difference was smaller than that of the 
left hemisphere subjects (= 65:8; 
SD = 15.6; %=60.6, SD=10.6, for 
the tumor and stroke groups, respec- 
tively). Performances on most of the 
standardized language tests used in 
this study were not related to age," 
and on those neuropsychological mea- 
sures for which performance is associ- 
ated with age (particularly the timed 
visuoconstructional tests), age correc- 
tions were applied according to stan- 
dard procedures, thus minimizing 
any possible effects of age differences 
on the pair-wise comparisons elabo- 
rated below. The age difference in the 


MR, magnetic resonance (imaging); Tg, tumor (glioma); Tm, tumor (meningioma); 
2, partial improvement (between 25% and 75%); and 3, total involvement (>75%). 





two groups is consistent with age-of- 
onset factors in these two pathology 
types. 


Left Hemisphere Lesions 
The neuropsychological test scores 


for all left hemisphere-damaged sub- : 


jects are presented in Table 3. All eight 
left hemisphere tumor subjects had 
substantially less language impair- 
ment than did their stroke counter- 
parts, despite the fact that the latter 
had smaller lesions. This is exempli- 
fied by the first subject pair. Patient 1, 
with an extensive glioma involving 
most of the parietal lobe (including 
supramarginal gyrus, angular gyrus, 


Impairments—Anderson et al 401 


Case No. 


—————————————————————À 


—— 0 — M 0 o —ÓÁ— A SS a — i p —— OOO ee c 


19 21 





Pathology 


31 32 33 34 





Tg S 





Imaging 


CT CT 


CT CT 





Frontal 
Mesial 





Cingulate gyrus 





Orbital 








Periventricular 


Anterior 
dorsolateral 








Opercular 





Sensory motor 





Parietal 
Supramarginal 





Angular gyrus 








Superior lobule 





Periventricular 





Temporal 
Polar 





Mesial 








Anterior superior 
gyrus 





Auditory 


Posterior 
superior gyrus 











Anterior lateral 











Posterior lateral 





Temporoccipital 





Occipital 
Periventricular 








Infracalcarine 





Supracalcarine 





Insula 
Anterior 





Posterior 


Deep structures 
Caudate 














Lenticular 
nucleus 





Thalamus 








Internal capsule 


2 











Corpus callosum EE EM M s 
* Tumor-stroke matches are indicated by braces. C 


T indicates computed tomography; MR, magnetic resonance (ima 





ging); Tg, tumor (glioma); Tm, tumor (meningioma); 


and S, stroke. Extent of involvement is scored as follows: 1, minimal involvement (<25%); 2, partial improvement (between 25% and 75%); and 3, total involvement (>75%). 


and periventricular white matter), 
posterior temporal lobe (including au- 
ditory cortex and posterior superior 
temporal gyrus), periventricular white 
matter of the occipital lobe, and poste- 
rior insula, was not aphasic and per- 
formed within normal limits on nearly 
all formal language tests. In contrast, 
the stroke counterpart (patient 2) had 
asmaller lesion that partially involved 
the supramarginal and angular gyri, 
as well as the auditory cortex and the 
posterior superior temporal gyrus, but 
spared all of the occipital area and the 
insula. This subject had fluent, highly 
paraphasic speech, and severe impair- 
ments of naming, repetition, and aural 
comprehension, as well as alexia and 
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agraphia. When considered as a group, 
the left hemisphere stroke subjects 
showed greater impairment than did 
the tumor subjects on all subtests of 
the Mutilingual Aphasia Examination 
(Table 5), as well as on the Boston Di- 
agnostic Aphasia Examination Read- 
ing test. Only one tumor subject was 
agraphic, in contrast with seven stroke 
subjects who were agraphic. The tu- 
mor and stroke subjects did not differ 
from each other on nonlinguistic tasks, 
such as Wechsler Adult Intelligence 
Scale-Revised Block Design (mean 
age-corrected scale score for tumor 
subjects, 8.25; for stroke subjects, 
8.25), Facial Recognition Test (mean 
score for tumor subjects, 45; for stroke 


subjects, 42) or the revised Benton Vi- 
sual Retention Test (mean number 
correct for tumor subjects, 6; for stroke 
subjects, 5.5). 

An absence of consistent correspon- 
dence between lesion site and language 
impairment was observed in the tumor 
subjects. This is best exemplified by 
comparing tumor and stroke subjects 
with lesions involving Wernicke’s area 
(ie, the posterior aspect of the superior 
temporal gyrus and the auditory cor- 
tices) for the presence of paraphasic 
speech, the ability to repeat, and audi- 
tory comprehension. None of the six 
tumor subjects in this group (patients 
1, 3, 6, 8, 10, and 18) had paraphasic 
speech, while six of seven matched 
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Table 3.—Neuropsychological Test Scores of Left Hemisphere-Damaged Subjects * 


Case No. 
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Pathology 
Age, y 42 64 32 61 74 58 35 67 64 37 67 59 39 60 62 62 20 47 
Sex F F P M M M F F M F M M M F M F M F 
Education, y 12 9 14 16 16 12 12 12 8 12 18 9 12 12 11 12 12 12 
Speech 
Fluency F F F F F F F F F F n N F E F F F N 
Paraphasias N X N ke Y N N N Y N Y vi N N N Y N Y 
MAE 
Visual naming 64 0 75 87 64 39 39 64 0 75 80 (0) 12 0 39 0 50 0 
Sentence 
repetition 65 0 65 43 0 oy 25 0 15 15 0 15 0 "Tn 0 25 7 
COWA 20 11 12 1 3 25 0 m 1 12 0 3 4 11 o 61 
Token Test 5 0 82 9 2 0 5 9 o 15 0 33 0 45 0 
Aural 
Comprenhension 20 71 71 71 P3» a 41 41 M 71 0 0 1 41 41 
Reading 
Comprehension 80 59 17 vus bot 59 3 59 0 3 0 59 59 
BDAE 
Reading 100 70 100 100 85 100 78 78 90 90 100 70 
Writing 1 3 1 1 2 1 3 2 1 3 2 1 2 1 3 
WAIS-R 
vIQ Sny pi EA 107 102 90 91 73 
PIQ 95 101 98 78 76 
Information 9 12 10 Bar 10 10 7 5 
Similarities ‘4 11 12 10 11 10 5 
Arithmetic XY ux AE 13 9 8 7 11 6 
Digit Span FE cm 8 10 11 7 "ds 6 m T 4 
Block Design 5 T 11 12 10 Si 6 9 10 8 10 8 7 6 T. 
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Scores (x — 


2, borderline; and 3, defective. 


stroke subjects did (patients 2, 4, 5, 9, 
11, and 12, but not 14). All five tumor 
subjects in this group who completed 
the Multilingual Aphasia Examina- 
tion Sentence Repetition test (patients 
1, 3, 8, 10, and 13) performed within 
normal limits. By contrast, only two of 
seven matched stroke subjects passed 
this test (patients 4 and 11), and all 
others performed below the first per- 
centile (patients 2, 5, 9, 12, and 14). 
Differences were also evident in audi- 
tory comprehension. Two of the five 
subjects with tumors involving Wer- 
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* Tumor-stroke matches are indicated by braces. BVRT indicates 
Multilingual Aphasia Examination (MAE); F, fluent (speech); N, nonflu 
and Y, yes (paraphasias present). Percentile scores are 
10, SD — 3) are presented for the subtests of the Wechlser 
Intelligence Quotient (VIQ), Performance Intelligence Quotient 


Correct 26 5 6 5 
Errors 8 - ws 0 10 6 9 16 10 7 rg 6 
Visuoperceptual tests 
Facial 
Recognition 49 61 6 61 15 32 4 61 71 22 61 32 
Line Orientation 40 5 90 22 74 85 40 40 40 


the revised Benton Visual Retention Test; C 









OWA, the Controlled Oral Word Association test of the 
ent (speech) or no paraphasias, as relevant; Tg, tumor (glioma); Tm, tumor (meningioma); S, stroke; 


presented for the MAE, Boston Diagnostic Aphasia Examination (BDAE), and visuoperceptual tests. Standard 


nicke's area who took the Token Test 
(patients 3 and 13) performed within 
normal limits (x = 38.5, 15th percen- 
tile, low-average range). None of the 
matched stroke subjects passed this 
test (x = 18.5, below the first percen- 
tile, severely defective range). 

Motor and sensory defects also var- 
ied between subjects with strokes or 
tumors. A good example can be seen in 
the comparison of patients 3 (glioma) 
and 4 (infarct). Patient 3, with a large 
area of abnormal signal involving the 
rolandic region (cortex and subcortical 


Adult Intelligence Scale-Revised (WAIS-R) and Wechsler Memory Scale (WMS), and the Verbal 
(PIQ), Memory Quotient (MQ) (x = 100, SD = 15). Scores for Writing were evaluated as follows: 1, normal; 


white matter) and the insula, showed 
only mild right hypoesthesia, while 
patient 4, with damage limited to part 
of the posterior insula and the white 
matter under the posterior temporo- 
parietal junction, showed a dense right 
hemihypoesthesia that included the 
face, as well as right motor signs. 


Right Hemisphere Lesions 


The neuropsychological test scores 
for right hemisphere-damaged sub- 
jects are presented in Table 4. In the 
right hemisphere group, considerable 
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Table 4.—Neuropsychological Test Scores of Right Hemisphere-Damaged Subjects * 
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19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
Pathology Tg S Tg S Tg S Tg S Tg S Tg S Tg S Tg S Tm S 
Age, y 65 68 76 44 68 56 48 61 55 81 42 60 24 51 58 66 62 58 
Sex M M M M F M F F M F M F M M M F M M 
Education, y 12 12 12 12 16 12 9 10 16 16 16 12 16 12 20 12 12 12 
Visuoperceptual tests 
Facial 
Recognition 41 2 32 71 15 4 90 1 15 32 32 22 32 1 11 8 22 22 
Line Orientation 3 22 1 57 57 80 80 5 80 1 57 22 57 1 40 57 40 80 
Visuoconstructional tests 
Rey-Osterrieth 
Complex Figure... 5 8 20 5 60 4 100 9 50 0 70 8 10 
3-dimensional 
blocks 0 45 "et 0 45 10 45 
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* Tumor-stroke matches are indicated by braces. BVRT indicates the revised Ben 
tient; Tg, tumor (glioma); Tm, tumor (meningioma); S, stroke; and VIQ, Verbal Intelligence 


constructional tests and for the Controlled Oral Word Association test (COWA) of the Multilingua 
Intelligence Scale-Revised (WAIS-R) and Wechsler Memory Scale (WMS). 













VIQ 93 97 91 86 108 94 106 106 
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24.6 (8.1) 14.9 (8.3) 2.31 13 .019 
Token Test 39.4 (2.9) 19.1 (13.6) 3.86 13 .001 
Aural Comprehension 17.3 (0.6) 15.0 (3.6) 1.09 10 











Reading Comprehension 18.0 (0) 


trolled Oral Word Association. 


variability was evident in the nature 
and degree of cognitive impairments in 
the tumor subjects. Strikingly, three 
subjects with extensive tumors per- 
formed within normal limits on all ad- 
ministered tests of cognitive function 
(patients 27, 29, and 31). Their stroke 
counterparts had impairments of non- 
verbal intellect, visual memory, visuo- 
perception, and visuoconstruction. On 
the other hand, some tumor subjects 
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16.2 (2.6) 
* All scores are age and education corrected. MAE indicates Multilingual Aphasia Examination; COWA, Con- 





had cognitive impairments that were 
similar to those of the matched stroke 
subjects and that were generally con- 
sistent with expectations based on le- 
sion location. For example, patient 19, 
with a glioma involving rolandic cor- 
tices, supramarginal gyrus, and under- 
lying white matter, as well as the 
insula and lenticular nucleus, had 
visuoperceptual and visual memory 
defects in the setting of well-preserved 















Quotient. Percentile scores are presented for the visuoperceptual and visuo- 
| Aphasia Examination. Standard scores are presented for Wechsler Adult 


intellect and verbal memory. The 
matched stroke subject, patient 20, 
also had damage to the insula and len- 
ticular nucleus, and less-extensive 
damage to rolandic cortices, and had 
impairments of visuoperception and 
visuoconstruction in the setting of 
well-preserved intellect and memory. 
In both cases, the neuropsychological 
profiles clearly suggest focal right 
hemisphere dysfunction. 

Despite this variability in the cogni- 
tive defects of the tumor subjects, 
there was a tendency for tumors not to 
significantly disrupt cognitive func- 
tion, as illustrated by the tumor sub- 
jects' performances on Benton's tests 
of visuoperception. All right hemi- 
sphere tumor subjects passed the Fa- 
cial Recognition test, and all but two 
(patients 19 and 21) passed the Line 
Orientation test. By contrast, only four 
of nine matched stroke subjects passed 
the Facial Recognition test (failed by 
patients 20, 24, 26, 32, and 34), and six 
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of nine matched stroke subjects passed 
the Line Orientation test (failed by 
patients 26, 28, and 32). Table 4 shows 
that all nine stroke subjects failed one 
or more neuropsychological tests that 
would suggest right hemisphere dys- 
function. In contrast, there was noth- 
ing to suggest specific right hemi- 
sphere damage in the neuropsycholog- 
ical profiles of four tumor subjects 
(patients 25, 27, 29, and 31). 

Motor and sensory defects also 
showed marked variability when 
stroke and tumor cases were com- 
pared. For example, patient 31 (glio- 
ma) showed abnormal signal involving 
most of the frontal lobe both in the 
dorsolateral and mesial sectors, as 
well as in the insula, but had no ab- 
normality on the neurologic examina- 
tion. In contrast, patient 32, who had 
experienced an infarct involving the 
lower half of the rolandic cortex and 
underlying white matter with some 
involvement of the insula and frontal 
operculum, had hemiplegia and hemi- 
hypoesthesia. Patient 31 could also be 
compared with patient 36, with an in- 
farct in the supplementary motor area 
and mesial motor cortex, who showed 
left hemiplegia. 


COMMENT 


The findings of the present study in- 
dicate that the neuropsychological 
profiles of subjects with cerebral tu- 
mors are unequivocally different from 
the profiles of subjects with similarly 
located lesions caused by stroke. The 
cognitive impairments resulting from 
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Proc R Soc Med. 1931;24:997-1008. 

2. Kanzer M. Early symptoms of aphasia with 
brain tumors. J Nerv Ment Dis. 1942;95:102-720. 

3. Haas J, Vogt G, Schiemann M, Patzold U. 
Aphasia and nonverbal intelligence in brain tu- 
mour patients. J Neurol. 1982;227:209-218. 

4. Klebanoff SG. Psychological changes in or- 
ganic brain lesions and ablations. Psychol Bull. 
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or tumor. Newropsychologia. 1981;19:17-27. 
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handedness: the Edinburgh inventory. Neuropsy- 
chologia. 1971;9:97-113. 
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tumors were generally quite mild as 
compared with the defects resulting 
from stroke. Moreover, there was 
greater variability in the degree of 
cognitive impairment within the tu- 
mor group. In some instances, exten- 
Sive tumors were associated with nor- 
mal neuropsychological profiles, while 
this never happened in the case of 
Stroke subjects. These differences ob- 
tained despite subject selection and 
matching procedures being specifi- 
cally designed to "handicap" the sub- 
jects with stroke, ie, it was required 
that the lesions in the stroke cases be 
smaller than in the tumor cases, and 
the stroke subjects were studied after 
considerable recovery had occurred. 
The findings of the present study are 
in keeping with the pathophysiological 
properties of tumor growth. More of- 
ten than not, tumors infiltrate or dis- 
place neural tissue without actually 
destroying it for some time, therefore 
allowing some measure of residual 
neuronal function. In completed 
stroke, when the lack of blood supply is 
sudden, profound, and long lasting, the 
ensuing metabolic changes are not 
compatible with neuronal survival. 
Advances in neuroradiologic proce- 
dures have greatly enhanced the abil- 
ity to visualize both types of damage, 
but also may have contributed to the 
methodological pitfall of treating the 
two lesion types as equivalent for re- 
search purposes. Both MR and CT can 
be deceptive because the images do not 
allow a graded distinction among dead 
neurons, dysfunctional neurons, or 
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merely displaced neurons. This, to- 
gether with the pathophysiological 
characteristics of tumors, mandates 
that correlations between lesion site 
and neuropsychological profiles in tu- 
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We do not suggest that tumor pa- 
tients are inappropriate subjects for 
neuropsychological research. Tumor 
patients can be an important data 
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Valid application of the lesion 
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The Development of Independent Foci 
in Epileptic Patients 


T. Niediek, DiplPsychol; H. G. Franke; R. Degen, MD; G. Ettlinger, PhD 


@ The electroencephalograms of 309 
unselected epileptic patients were reex- 
amined to ascertain the incidence of inde- 
pendent secondary discharges. In 41 pa- 
tients (13%), a simple one-sided focus, 
without evidence of independent second- 
ary discharges, was found (group 1); in 33 
patients (11%), an epileptic focus with 
certain evidence of independent second- 
ary discharges was found (group 2). These 
two groups were compared with respect 
to multiple variables (eg, seizure type, 
time course of the epileptic illness, site of 
foci, medication, neurological status), and 
significant differences between the two 
groups were obtained (eg, with respect to 
frequency of seizures, duration of sei- 
zures, number of anticonvulsive drugs be- 
ing taken, and in other respects). Our find- 
ings are compared with earlier work, and 
it is concluded that they do not support the 
conventional models of secondary epilep- 
togenesis. 

(Arch Neurol. 1990;47:406-411) 


he factors that lead to epilepsy with 

a primary focus are heterogeneous, 
eg, gross cerebral pathology, perinatal 
brain damage. By contrast, epilepsy 
with a secondary focus is regarded as 
having always the one origin: prior 
abnormal paroxysmal discharges, ie, 
epileptic discharges, in the same, or 
more frequently in the opposite, cere- 
bral hemisphere. A special case of sec- 
ondary discharges is the "mirror fo- 
cus," where the primary and secondary 
discharges arise in exactly correspond- 
ing (homotopic) loci in the two cerebral 
hemispheres. A secondary focus is "de- 
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pendent" when its paroxysmal dis- 
charges are exclusively time-related to 
discharges in the primary focus. It is 
“independent” when this is no longer 
the case, the strongest evidence for an 
independent focus being the persis- 
tence of secondary discharges after 
wide excision of the primary focus 
with consequent cessation of all pri- 
mary discharges. In such cases, it 
might seem that the cortex of the mir- 
ror focus has "learned" to discharge 
spontaneously. 

The way in which secondary dis- 
charges develop is not understood. In 
the monkey, mirror foci can develop 
even when the primary discharges are 
induced after section of the corpus 
callosum, of the anterior and posterior 
commissures, and of the massa inter- 
media of the thalamus,' indicating 
that the discharges do not spread 
through the cerebral commissures. 
However, even in the intact brain sec- 
ondary discharges do not invariably 
occur; and the reason for this vari- 
ability is not known. Therefore, in 
1984 we initiated a study of the factors 
that influence the development of sec- 
ondary discharges in man. At that 
time such a clinical study did not exist. 
However, not long after we began, the 
detailed reports of Hughes’ and 
Morrell* were published. 

Hughes'?!? deals specifically with 
the development of “...a bilateral fo- 
cus on the corresponding area of the 
opposite side of a given unilateral fo- 
cus," but seems not to distinguish be- 
tween dependent and independent sec- 
ondary discharges. Of his 213 unilat- 
eral foci, 40% became bilateral, more 
frequently if parasagittal than if tem- 
poral; however, if a unilateral tempo- 
ral focus did become bilateral, it was 
more likely to be left-sided than right- 
sided; and if the primary focus was 
temporal, it was more likely to become 
bilateral with increasing age of the 
patient—both when the onset of the 
primary focus was at an early age, but 
especially if the onset was at a later 


age. The most striking of Hughes' 
findings, however, was an inverse re- 
lationship between the cumulative to- 
tal number of seizures the patient had 
and the likelihood that a unilateral fo- 
cus would become bilateral—the most 
seizures took place in patients whose 
foci remained unilateral. 

Morrell’s' article is entirely devoted 
to the development of secondary dis- 
charges, and he distinguishes between 
dependent and independent secondary 
discharges. All his cases are of cere- 
bral tumor—to avoid the possibility of 
pathology in the second hemisphere. 
Of his 47 tumor patients, 3475 are 
stated at the top of page 324 to have 
independent secondary discharges; but 
lower on the same page, only 5 (ie, 
10.6%) “...fall into the category of 
the irreversible (independent) stage of 
secondary epileptogenesis." (The dis- 
crepancy arises because 11 patients 
had *reversible or intermediate" sec- 
ondary discharges.) Contrary to 
Hughes, Morrell reports (page 333) 
that his 5 cases of independent second- 
ary discharges suffered not only from 
long-standing seizure activity (though 
the average age at the onset of the sec- 
ondary focus was only 10.0 years [page 
332]) but also from “...a relatively 
high seizure density... .” 

Because the findings of Hughes and 
of Morrell are not always clear or in 
agreement, we continued with our 
study. 


MATERIALS AND METHODS 


We have investigated the incidence of in- 
dependent secondary discharges in 309 un- 
selected (ie, consecutive) cases of epilepsy 
referred to the electroencephalography de- 
partment, Mara Clinic I, of the Epilepsy 
Centre in Bethel, Bielefeld (West Germa- 
ny). The electroencephalograms of all pa- 
tients showing potential independent sec- 
ondary discharges were carefully reviewed 
and regraded by one of us (R.D.). These pa- 
tients were contrasted with others in whose 
electroencephalograms primary foci were 
seen, but never in association with indepen- 
dent secondary discharges. 
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Table 1.—Sex Distributions * 


Group, No. (96) 





1 2 2M 





Table 4.—Age at Onset of Epilepsy * 


Group, No. (%) 





2 





Age, y 1 











14 (42.4) 12 (48.0) 
19 (46.3) 19 (57.6) 13 (52.0) 
41 (100.0) 33 (100.0) 25 (100.0) 

"x comparing groups 1 and 2 = 0.92, not significant; x? comparing groups 2 
and 2M = 0.20, not significant. 


Table 2.—Hand Preferences * 


Group, No. (%) 


22 (53.7) 




























1 2 2M 














Right-handed 28 (68.3) 26 (78.8) 19 (76.0) 
Left-handed 11 (26.8) 4 (12.1) 3 (12.0) 
Ambidextrous 1 (2.4) 2 (6.1) 2 (8.0) 
Not known 1 (2.4) 1 (3.0) 1 (4.0) 
Total 41 33 25 













(100.0) (100.0) (100.0) 


"x comparing groups 1 and 2 = 2.82, not significant; x? comparing groups 1 
and 2M = 2.80, not significant, omitting “not known." 


Table 3.—Age Distributions " 


Group, No. (%) 










































0.0-1.9 7 (17.1) 11 (33.3) 7 (28.0) 
2.0-3.9 9 (22.0) 6 (18.2) 3 (12.0) 
4.0-5.9 4 (9.8) 4 (12.1) 4 (16.0) 
6.0-7.9 5 (12.2) 2 (6.1) 1 (4.0) 
8.0-9.9 4 (9.8) 2 (6.1) 2 (8.0) 
10.0-11.9 3 (7.3) 1 (3.0) 1 (4.0) 
12.0-13.9 3 (7.3) 4 (12.1) 4 (16.0) 
14.0-15.9 3 (7.3) 1 (3.0) 1 (4.0) 
16.0-17.9 1 (2.4) 1 (3.0) 1 (4.0) 
18.0-19.9 1 (2.4) 1 (3.0) 1 (4.0) 
28.0-29.9 1 (2.4) 0 (0.0) 0 (0.0) 
Total 41 33 25 
(100.0) (100.0) (100.0) 






"x: comparing groups 1 and 2 — 5.79, not significant; x? comparing groups 1 
and 2M — 5.95, not significant. 


Table 5.— Kinds of Seizures* 


Group, No. (%) 





Seizure Type 1 2 2M 






















* x^ comparing groups 1 and 2 — 15.61, not significant; xê comparing groups 


1 and 2M — 12.37, not significant. 


Selection of Patients 


Two of us (T.N. and H.G.F.) reviewed the 
case histories and electroencephalograms 
of 309 consecutive patients. Their files were 
ordered alphabetically, and not by outcome 
or finding of any kind. All had been referred 
to the electroencephalogram department 
for known epilepsy; and all had been under 
investigation in the electroencephalogra- 
phy department for 3 to 10 years. 


Classification of Patients 


These 309 patients were ultimately clas- 
sified by review of their electroencephalo- 
graphic records into the following groups: 1, 
a single, one-sided focus, without any 
evidence for independent secondary dis- 
charges (n = 41, 13.27%); and 2, an epilep- 
tic focus with certain evidence of indepen- 
dent secondary discharges (n = 33, 10.68%); 
in the remaining 235 patients there was no 
epileptic focus. A subdivision of group 2 was 
formed, group 2M, consisting of 25 (76% ) of 
the 33 patients in whom the secondary foci 
were homotopic (ie, *mirror") to the pri- 
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1 2 2M General tonic-clonic 28 (68.3) 18 (54.5) 16 (64.0) 
Abortive general 
6:16 2 (4.9) 9 (27.3) 6 (24.0) tonic-clonic 3 (7.3) 4 (12.1) 4 (16.0) 
16-25 6 (14.6) 5 (15.2) 3 (12.0) West syndrome 1 (2.4) 3 (9.1) 1 (4.0) 
26-35 7 (17.1) 5 (15.2) 3. (12:0) Myoclonic attack 0 (0.0) 1 (8.0) 1 (4.0) 
36-45 10 (24.4) 6 (18.2) 6 (94.0) Absence 15 (36.6) 4 (12.1) 3 (12.0) 
46-55 9 (21.9) 39.0 902.0) Simple focal 7 (07.1) 6 (18.2) 5 (20.0) 
56:66 4 (9.7) 2 (6.1) 9180 Complex focal 30 (73.2) 20 (60.6) 15 (60.0) 
66-76 2 (4.9) 2 (6.1) 1 (4.0) Febrile seizure 2 (4.9) 0 (0.0) 0 (0.0) 
76-85 1 (2.4) 1 (8.0) 1 (4.0) : - - 
Groupings are not exclusive. 
Total 41 33 25 x? comparing groups 1 and 2 = 1.47, 0.09, 0.55, 0.01, 5.73, 0.02, 1.32, 0.32, 
(100.0) (100.0) (100.0) 


respectively, for each row of the table, not significant; x? comparing groups 1 and 
2M = 0.13, 0.49, 0.00, 0.06, 4.73, 0.00, 1.24, 0.15, respectively, for each row 


of the table, not significant. 


mary foci. All x? tests are two-tailed, with 
correction for insufficient numbers. 


RESULTS 
The Patients 


Groups 1 and 2 did not differ signif- 
icantly by sex (see Table 1 for details) 
or for hand preferences, even though 
there is an unexpected high incidence 
of left-handers in group 1 in Table 2. 
The age distributions for the two 
groups do not differ, even though the 
patients of group 2 are somewhat 
younger (Table 3), and this trend is 
also reflected (Table 4) by a slightly 
earlier, but nonsignificant, age of onset 
of seizures in group 2. 


The Seizures 


Groups 1 and 2 did not differ in the 
type of their attacks; these are shown 
in Table 5, where each patient may be 
counted more than once if there was 
more than one kind of seizure; nor did 
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the groups differ in the combination of 
different seizure types, although there 
were more patients in group 2 with 
only one kind of attack, as shown in 
Table 6. Most striking is the difference 
between groups in the frequency of 
their attacks during the past 6 months 
(Table 7): more patients of group 1 had 
one to four attacks per month (ie, 
36.6%) than any other frequency, 
whereas more patients of group 2 had 
daily seizures (ie, 36.4%). Moreover, 
the groups also differed in the duration 
of each attack (Table 8); those of group 
2 being either very short or very long. 


The Time-Course of the Epileptic Illness 


As can be seen from Table 9, there 
were relatively few patients in group 1 
(12.2% ), but relatively many in group 
2 (42.4% ), with a duration of less than 
15 years since the onset of their epi- 
leptic attacks; thus there was no linear 
increase beyond 10 years in the proba- 
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Table 6.— Seizure Combinations * 


Group, No. (%) 




























Combinationt 1 2 2M 





01 10 (24.4) 16 (48.5) 11 (44.0) 
04 4 (9.8) D'(2. 9) Biz. 
05 2 (4.9) 3 (9.1) 2 (8.0) 
06 11 (26.8) 9 (27.3) 8 (32.0) 
12 3 (7.3) 2 (6.1) 1 (4.0) 
13 1 (2.4) 1 (3.0) 1 (4.0) 
14 5 (12.2) 1 (3.0) 1 (4.0) 
15 1 (2.4) 0. D <x 
16 1 (2.4) dO es 0. 
17 1 (2.4) Qu Os 
18 2 (4.9) D^. es 0. ... 
1 (3.0) 1 (4.0) 


Ob 
41 (100.0) 33 (100.0) 25 (100.0) 


* x! comparing groups 1 and 2 = 13.95, not significant; x* comparing groups 
1 and 2M = 10.95, not significant. 

101 Indicates no combination; 04, general tonic-clonic seizure + absences; 05, 
general tonic-clonic seizure + simple focal attack; O6, general tonic-clonic 
seizure + complex focal seizure; 12, absences + complex focal seizure; 13, sim- 
ple focal seizure + complex focal seizure; 14, general tonic-clonic seizure 
+ absences + complex focal seizure; 15, general tonic-clonic seizure 
+ absences + simple focal seizure; 16, general tonic-clonic seizure + West 
syndrome + absences; 17, absences + complex focal seizure; 18, general tonic- 
clonic seizure + simple focal seizure + complex focal seizure; and 19, general 
tonic-clonic seizure + West syndrome + simple focal seizure. 


Table 7.—Frequency of Seizures Over Last 6 Months* 


Group, No. (%) 


































1 2 2M 
5 in all 1 (2.4) 2 (6.1) 1 (4.0) 
1-11 per year 10 (24.4) 3 (9.1) 3 (12.0) 
1-4 per month 15 (36.6) 4 (12.1) 1 (4.0) 
1-6 per week 10 (24.4) 6 (18.2) 5 (20.0) 
Daily 5 (12.2) 12 (36.4) 10 (40.0) 
Not known 0 (0.0) 6 (18.2) 5 (20.0) 
Total 41 33 25 
(100.0) (100.0) (100.0) 








* x! comparing groups 1 and 2 = 11.98, P = .018; x? comparing groups 1 and 
2M = 13.75, P = .008, omitting ‘‘not known.” 


Table 8.— Duration of Attacks* 


Group, No. (%) 


———————— 


Minutes 1 2 2M 





0-0.5 8 (19.5) 8 (24.2) 7 (28.0) 
0.5-1 7 (17.1) 1 (3.0) 1 (4.0) 
1-2 10 (24.4) 7 (21.2) 6 (24.0) 
2-3 9 (22.0) 0 (0.0) 0 (0.0) 
3-4 6 (14.6) 10 (30.3) 8 (32.0) 
4-5 1 (2.4) 3 (9.1) 1 (4.0) 
5-6 0 (0.0) 2 (6.1) 1 (4.0) 
9-10 0 (0.0) 2 (6.1) 1 (4.0) 
Total 41 33 25 
(100.0) (100.0) (100.0) 









* x? comparing groups 1 and2 = 19.39, P = .007; x? comparing groups 1 and 
2M = 13.78, P = .05. 








Table 9.— Duration of Epileptic Illness * 


Group, No. (%) 


Years After 
Onset of 
IlIness 1 2 2M 


0-5 0 (0.0) 4 (12.1) 3 (12.0) 

6-10 2 (4.9) 6 (18.2) 4 (16.0) 
11-15 3 (7.3) 4 (12.1) 3 (12.0) 
16-20 2 (4.9) 2 (6.1) 1 (4.0) 
21-25 5 (12.2) 0 (0.0) 0 (0.0) 
26-30 5 (12.2) 7 (21.2) 5 (20.0) 
31-35 6 (14.6) 1 (3.0) 1 (4.0) 
36-40 7 (17.1) 2 (6.1) 2 (8.0) 
41-45 2 (4.9) 1 (3.0) 1 (4.0) 
46-50 6 (14.6) 0 (0.0) 0 (0.0) 
51-55 o (0.0) 4 (12.1) 4 (16.0) 
56-60 2 (4.9) 0 (0.0) o (0.0) 
61-65 1 (2.4) 1 (3.0) 0 (0.0) 
76-80 0 (0.0) 1 (3.0) 1 (4.0) 

41 33 25 

Total (100.0) (100.0) (100.0) 


* X? comparing groups 1 and 2 = 30.65, P = .004; x? comparing groups 1 and 
2M = 27.41, P= .011. 





Table 10.—Time (From Evidence of One Focus) to the 
Development of a Secondary Focus 


Group, No. (%) 


Time, y 2 2M 
12 (36.4) 12 (48.0) 
3 (12.0) 
2 (8.0) 

4 (16.0) 

1 (4.0) 

2 (8.0) 

1 (4.0) 
25 (100.0) 





Two from the start 


0-2 5 (15.2) 
3-4 5 (15.2) 
5-6 4 (12.1) 
7-8 1 (3.0) 
9-10 4 (12.1) 
210 2 (6.1) 


Total 33 (100.0) 


Table 11.— Time Periods Without Attacks * 


Group, No. (%) 





















1 2 2M 
33 (80.5) 6 (18.2) 5 (20.0) 
1 (2.4) 15 (45.5) 10 (40.0) 
2 2 (4.9) 8 (24.2) 8 (32.0) 
3 2 (4.9) 0 (0.0) 0 (0.0) 
4 0 (0.0) 2 (6.1) 0 (0.0) 
8 1 (2.4) 0 (0.0) o (0.0) 
9 0 (0.0) 1 (3.0) 1 (4.0) 
10 2 (4.9) 0 (0.0) o (0.0) 
>10 0 (0.0) 1 (3.0) 1 (4.0) 
Total 41 33 25 
(100.0) (100.0) (100.0) 









* x! comparing groups 1 and 2 = 43.18, P = .000; x? comparing groups 1 and 
2M = 36.88, P = .000. 


bility of independent secondary dis- 
charges developing with time since the 
onset of the illness. Table 10 shows the 
same effect, but as time from the 
recording of the first to the recording 
of a second focus in the electroenceph- 
alogram: in group 2 one third of the 
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patients (36.4% ) have their second fo- 
cus at the same time as their first fo- 
cus, and another 30.4% by the end of 
the fourth year since the onset of the 
first focus; relatively few (83.2%) de- 
velop secondary foci after the end of 
the fourth year from the onset of the 


first focus. The groups also differed in 
respect to the length of time patients 
were free of seizures, as shown in Ta- 
ble 11: less than 20% in group 1 were 
free of seizures for longer than 1 year, 
whereas more than 81% in group 2 had 
seizure-free periods of longer than 1 
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Table 12.—Slowing of the Background Activity in the 
Electroencephalogram * 


Group, No. (96) 


Normal 
electroenephalogram 
Minor 
abnormalities 
Medium 
abnormalities 
Severe 
abnormalities 0 (0.0) 


Total 41 
(100.0) 


3 (7.3) 4 (12.1) 2 (8.0) 


14 (34.1) 9 (27.3) 8 (32.0) 


24 (58.5) 19 (57.6) 15 (60.0) 
1 (3.0) 0 (0.0) 


33 25 
(100.0) (100.0) 





* x? comparing groups 1 and 2 = 1.97, not significant; x? comparing groups 1 
and 2M = 0.04, not significant. 





Table 13.—Nonspecific Abnormalities in the 
Electroencephalogram * 






Group, No. (96) 









2 2M 












Generalized, without 







lateral predominance 32 (78.0) 30 (90.9) 22 (88.0) 
Generalized, with lateral 

predominance 32 (78.0) 22 (66.7) 17 (68.0) 
Focal 31 (75.6) 23 (69.7) 16 (64.0) 










Without nonspecific 
abnormality 





1 (3.0) 1 (4.0) 





2 (4.9) 


* Groupings are not exclusive. x? comparing groups 1 and 2 = 2.23, 1.20, 0.32, 
0.00 for each row of the table, not significant; x? comparing groups 1 and 
2M — 0.47, 0.82, 1.02, 0.00 for each row of the table, not significant. 





Table 14.—Epileptic Abnormalities in the 
Electroencephalogram * 






Group, No. (96) 










2 2M 












Generalized, without 











lateral predominance 20 (48.8) 16 (48.5) 12 (48.0) 
Generalized, with 

lateral predominance 31 (75.6) 21 (63.6) 17 (68.0) 

Focal 41 (100.0) 33 (100.0) 25 (100.0) 


* Groupings are not exclusive. x? comparing groups 1 and 2 = 0.00, 1.25, 0.00 
for each row of the table, not significant; x? comparing groups 1 and 2M = 0.00, 
0.45, 0.00 for each row of the table, not significant. 


Table 15.—Kinds of Focal Epileptic Activity 


Group, No. (%) 








1 2 2M 




















Spikes 0 (0.0) 2 (6.1) 1 (4.0) 
Spike waves 24 (58.5) 17 (51.5) 12 (48.0) 
Poly spikes 2 (4.9) 2 (6.1) 2 (8.0) 
Sharp waves 28 (68.3) 17 (51.5) 11 (44.0) 
Sharp-slow waves 37 (90.2) 24 (72.7) 21 (84.0) 





* Groupings are not exclusive. x? comparing groups 1 and 2 = 0.77, 0.36, 0.00, 
2.16, 3.87 for each row of the table, not significant; x? comparing groups 1 and 
2M = 0.06, 0.70, 0.00, 3.79, 0.13 for each row of the table, not significant. 
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Present 30 (73.2) 26 (78.8) 20 (80.0) 
Not present 11 (26.8) 7 (21.2) 5 (20.0) 
Total 41 33 25 
(100.0) (100.0) (100.0) 
* x? comparing groups 1 and 2 = 0.31, not significant; x? comparing groups 1 
and 2M = 0.39, not significant. 


Table 17.—The Side of the Primary Foci* 


Group, No. (%) 





2 





1 










Left hemisphere 27 (65.9) 10 (30.3) 6 (24.0) 
Right hemisphere 14 (34.1) 11 (33.3) 7 (28.0) 
Both simultaneous O (0.0) 12 (36.4) 12 (48.0) 
Total 41 33 25 












(100.0) (100.0) (100.0) 


* The earliest primary focus has been tabulated. x* comparing groups 1 and 
2 = 1.92, not significant; x? comparing groups 1 and 2M = 1.61, not significant, 
omitting ‘both simultaneous.” 


Table 18.—The Site of the Primary Foci* 


Group, No. (%) 






1 2 
































101 2 (4.9) ONG. 5 3) Gs) 
102 14 (34.1) 7 (21.2) 6 (24.0) 
103 3 (7.3) 03...) 0C.) 
104 3 (7.3) OG.) 0i) 
109 Ds.) 1 (3.0) 04...) 
110 1 (2.4) OG...) 0.) 
112 1 (2.4) OG...) 0(...) 
113 3 (7.3) 0.) OG.) 
116 0(...) 2 (6.1) 0.) 
202 3 (7.3) 6 (18.2) 5 (20.0) 
203 3 (7.3) ot.) 0...) 
204 1 (2.4) 1 (3.0) 1 (4.0) 
206 4 (9.8) 0C.) 0(.75) 
207 0. 9 2 (6.1) 1 (4.0) 
208 2 (4.9) OETI 94.) 
209 1 (2.4) 0C 0C.) 
216 0€.) 2 (6.1) 0C.) 
777 iG.) 12 (36.4) 12 (48.0) 
Total 41 (100.0) 33 (100.0) 25 (100.0) 





* The earliest primary focus has been tabulated as follows: 101 indicates left 
precentrotemporal; 102, left temporal; 103, left frontoprecentrotemporal; 104, left 
temporoparietal; 109, left occipital; 110, left frontoprecentral; 112, left temporo- 
occipital; 113, left temporoparieto-occipital; 116, left parietal; 202, right temporal; 
208, right frontoprecentrotemporal; 204, right temporoparietal; 206, right fronto- 
temporal; 207, right frontal; 208, right precentroparietotemporal; 209, right occip- 
ital; 216, right parietal; and 777, both foci simultaneously. x* comparing groups 1 
and 2 — 30.00, P — .018; x? comparing groups 1 and 2M — 18.03, not signifi- 
cant, omitting “777,” both foci simultaneously. 
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Table 19.— The Sites of the Primary and Secondary Foci* 


Group, No. (%) 


2 2M 


Table 22.— Neurological Findings * 


Group, No. (?6) 


1 2 





1 (3.0) 1 (4.0) 
2 (6.1) O(...) 
1 (3.0) 1 (4.0) 
1 (3.0) 0C.) 
1 (3.0) 0C.) 
1 (3.0) QA...) 
23 (69.7) 23 (92.0) 
1 (3.0) 0C.) 
2 (6.1) 0$. 
33 25 
(100.0) (100.0) 


* 01 indicates left frontal + right frontal; O2, left parietal + right temporal; 03, 
left parietotemporal + right parietotemporal; 04, left temporal + right frontal; 05, 
left temporal + right precentral; O6, left temporal + right parietal; O7, left 
temporal + right temporal; 08, left occipital + right parietal; and 09, left 
occipital + right temporal. 


Table 20.—The Kind of Anticonvulsive Medication * 


Group, No. (%) 











1 2 2M 














Phenobarbital 27 (65.9) 15 (45.5) 13 (52.0) 
Primidone 8 (19.5) 6 (18.2) 5 (20.0) 
Phenytoin 26 (63.4) 21 (63.6) 16 (64.0) 
Carbamazepine 38 (92.7) 18 (54.5) 12 (48.0) 
Valproate 15 (36.6) 12 (36.4) 10 (40.0) 
Ethosuximide 3 (7.3) 3 (9.1) 3 (12.0) 
Benzodiazepines 2 (4.9) 2 (6.1) 2 (8.0) 

Sulthiame 1 (2.4) 1 (3.0) 1 (4.0) 





1 (2.4) 0 (0.0) o (0.0) 

* Groupings are not exclusive. x? comparing groups 1 and 2 = 3.10, 0.02, 0.00, 
0.00, 0.00, 0.00, 0.00, 0.00 for each row of the table (omitting carbamazepine), 
not significant; x? comparing groups 1 and 2M = 1.25, 0.00, 0.00, 0.08, 0.04, 
0.00, 0.00, 0.00 for each row of the table (omitting carbamazepine), not signifi- 
cant; x? comparing groups 1 and 2 for carbamazepine = 14.45, P = .000; and 
x? comparing groups 1 and 2M for carbamazepine = 16.88, P = .000. 


Table 21.—Number of Anticonvulsive Drugs Taken* 


Group, No. (%) 


None 

















1 2 2M 












None 1 (2.4) 0 (0.0) o (0.0) 
One 0 (0.0) 3 (9.1) 1 (4.0) 
Two 4 (9.8) 16 (48.5) 13 (52.0) 
Three 28 (68.3) 11 (33.3) 9 (36.0) 
Four 8 (19.5) 3 (9.1) 2 (8.0) 
41 (100.0) 33 (100.0) 25 (100.0) 





* x! comparing groups 1 and 2 = 20.25, P = .000; x? comparing groups 1 and 
2M — 17.26, P — .002. 


year during the total time period over 
which the patients were observed. 


The Electroencephalograms 


Groups 1 and 2 did not differ in the 
slowing of the background activity of 
their electroencephalograms (Table 
12) nor in the incidence of either non- 
specifie abnormalities (Table 13) or 
epileptic abnormalities (Table 14). The 
distribution for the two groups of the 


focus (Table 16). 
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different kinds of focal epileptic elec- 
troencephalographie abnormality are 
shown in Table 15, and do not differ. 
Similarly, there is no difference in re- 
spect to the frequency of a theta-delta 


The Side of the Foci 


Table 17 shows the site of the earli- 
est primary focus for each group. In 
group 1 the left hemisphere tends to be 





Normal 
Minor 


10 (24.4) 4 (12.1) 
9 (22.0) 7 (21.2) 
18 (43.9) 10 (30.3) 
2 (4.9) 12 (36.4) 9 (36.0) 
Not known 2 (4.9) o (0.0) 0 (0.0) 
Total 41 33 25 
(100.0) (100.0) (100.0) 


* X? comparing groups 1 and 2 = 13.54, P = .009; x? comparing groups 1 and 
2M — 12.04, P — .017. 


Table 23.—Etiology 


Group, No. (%) 


3 (12.0) 
5 (20.0) 


Medium 8 (32.0) 


Severe 








2 












Family history of 


epilepsy 5 (12.2) 3 (9.1) 2 (8.0) 
Early brain damage 19 (46.3) 15 (45.5) 12 (48.0) 
Known pathology of 

the brain 9 (22.0) 12 (36.4) 8 (32.0) 
Not known 11 (26.8) 3 (9.1) 3 (12.0) 








* Groupings are not exclusive. x? comparing groups 1 and 2 = 0.00, 0.00, 1.87, 
2.68 for each row of the table, not significant; x? comparing groups 1 and 
2M — 0.02, 0.02, 0.82, 2.04 for each row of the table, not significant. 


Table 24.— Time of the Early Brain Damage 


Group, No. (%) 















1 2 2M 
Prenatal 3 (7.3) o (0.0) 0 (0.0) 
Perinatal 14 (34.1) 14 (42.4) 11 (44.0) 
Postnatal 2 (4.9) 1 (3.0) 1 (4.0) 
No early brain damage 22 (53.7) 18 (54.5) 13 (52.0) 
Total 41 (100.0) 33 (100.0) 25 (100.0) 








* x? comparing groups 1 and 2 = 2.90, not significant; x? comparing groups 1 
and 2M = 2.23, not significant, omitting “no early brain damage.” 


Table 25.— Intellectual Impairment* 


Group, No. (%) 


















1 2 2M 
None 2 (4.9) 5 (15.2) 5 (20.0) 
Minor 12 (29.3) 4 (12.1) 2 (8.0) 
Medium 18 (43.9) 14 (42.4) 11 (44.0) 
Severe 9 (22.0) 10 (30.3) 7 (28.0) 
Total 41 (100.0) 33 (100.0) 25 (100.0) 





* x? comparing groups 1 and 2 = 5.03, not significant; x? comparing groups 1 
and 2M = 6.89, not significant. 


more frequently involved than the 
right; this trend is reversed in group 2, 
but most striking is the fact that both 
hemispheres were already involved 
from the onset in 36.4% of group 2. The 
sites of the earliest primary focus are 
shown in Table 18: in both groups left 
temporal is the most frequent site at 
84.1% and 21.2%, respectively; but 
group 2 predominates at 18.2% with 
the next most frequent site, right tem- 
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poral, which attains only 7.396 in 
group 1. From Table 19 it becomes ev- 
ident that, in our sample of patients, a 
secondary focus develops by far the 
most frequently (69.776) as a (homo- 
topic) focus in the temporal lobes; but 
occasional a temporal lobe is in- 
volved together with a nontemporal 
(parietal/occipital) area. 


The Medication 


There is no significant difference be- 
tween the groups in the type of their 
anticonvulsive therapy (Table 20), ex- 
cept carbamazepine was taken much 
more frequently by patients in group 1 
(92.7%) than in group 2 (54.5%), and 
the patients in group 1 also took a 
larger number of different drugs than 
did those in group 2 (Table 21). 


The Neurological Status 


Table 22 shows differing severity of 
the neurological findings in the two 
groups, with twice as many patients in 
group 1 having no neurological abnor- 
mality, but 67% of group 2, against 
4975 in group 1, having medium to se- 
vere abnormality. Table 23 shows the 
etiology. The time of any early brain 
damage is shown in Table 24. Last, the 
severity of associated intellectual im- 
pairment, as judged clinically, does not 
differ in the two groups (Table 25). 


Summary of the Results 


Group 2 (with independent second- 
ary discharges) relative to group 1 
(without independent secondary dis- 
charges) ultimately has a higher fre- 
quency of seizures, has a different pro- 
file of seizure duration, has a shorter 
epileptic illness, and two thirds of 
group 2 patients develop their second- 
ary foci by the end of the fourth year 
after the primary focus is recorded, is 
more likely to have seizure-free peri- 
. ods of longer than 1 year, does not 
show a distinctive electroencephalo- 
graphie pattern, is equally likely to 
have a primary focus in the left or 
right hemisphere, but also to have bi- 
lateral foci from the outset, is more 
likely to have the primary focus in the 
temporal lobes (left or right) than in 
other nontemporal regions, and the 
secondary discharges in the homotopic 
temporal lobe than elsewhere, is less 
likely to be taking multiple medication 
or carbamazepine, but is more likely to 
have neurological deficits. 

COMMENT 

The incidence of independent sec- 
ondary discharges in our series 
(10.7% ) isin good accord with the more 
conservative of the two estimates of 
Morrell’ for "irreversible" indepen- 
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dent secondary discharges, namely 
10.6%, but not with Hughes” estimate 
of 40% for “bilateral” discharges. It 
must be taken into account that 
Hughes included in his investigation 
patients that were epileptic over a pe- 
riod of 15 to 40 years; whereas we 
included in our investigation patients 
who were epileptic for only 3 to 10 
years. However, it also remains possi- 
ble that Hughes also included depen- 
dent secondary discharges in his esti- 
mate. The concordance of the present 
incidence with that reported by Mor- 
rell is the more surprising, given that 
all of his patients had tumors, whereas 
such pathology was not included in our 
series. It seems, therefore, that the 
etiology of the primary discharges 
does not greatly influence the proba- 
bility of the development of indepen- 
dent secondary discharges. 

Our findings also agree with Mor- 
rell’s in that there is a direct, not 
inverse, relationship between seizure 
frequency and the genesis of indepen- 
dent secondary discharges. If Hughes 
included cases of dependent secondary 
discharges in his “bilateral” group— 
as seems likely from his high incidence 
of “bilateral” events—his observation 
of an inverse relationship with seizure 
frequency may relate to transmitted 
secondary events: these become less 
likely with increased seizure fre- 
quency. 

Taking the average age at onset of 
the independent secondary discharges 
from his Table 3 at 10 years, but disre- 
garding Morrell’s “duration of illness 
prior to surgery” at 9.4 years, his and 
our studies also agree that the dura- 
tion of epileptic illness up to the onset 
of the secondary discharges is short, in 
our series less than 4 years in 66.8% of 
cases of independent secondary dis- 
charges (Table 10). This finding helps 
to validate experimental methods, eg, 
the application of aluminum hydrox- 
ide to the cortex, in which the time 
course of the development of second- 
ary events is measured in months. 

Last, Morrell, like us, found that the 
primary focus was most likely to be 
predominantly temporal (in 80% of his 
5 cases, in 42.4% of our 33 cases). 
Prima facie, the reason might appear 
to relate to the twofold connection, via 
the corpus callosum and the anterior 
commissure, of the temporal lobes. 
However, the evidence of Lowrie and 
Ettlinger? precludes this explanation, 
and no other is available at this time. 

In our investigation, patients with- 
out secondary discharges were com- 
pared with all patients having second- 
ary discharges (group 2), and with only 
those 25 patients having homotopic 


(“mirror”) secondary discharges 
(group 2M). No differences emerged, 
except those shown in Table 18. Here 
the comparison, relating to the site of 
the primary foci, failed to attain sig- 
nificance for group 2M. In general, 
therefore, the subgroup 2M shows the 
same effects as the total group 2. 

An unexpected finding in our series 
was the large proportion (36.4%) of 
patients with independent secondary 
discharges whose primary and second- 
ary activity started at about the same 
time. This observation does not sup- 
port a model of secondary epileptic 
genesis according to which the pri- 
mary discharges antecede the second- 
ary discharges not only in time but 
also causally. Nonetheless, similar ob- 
servations were reported by 
Ettlinger*»559 in the monkey: of 55 
monkeys presented in his Table 1, in 5 
secondary events anteceded primary, 
or in 15 were first recorded in the same 
monthly electroencephalogram as pri- 
mary events were first recorded. In 35 
monkeys primary events occurred 
first, but 21 of these animals showed no 
independent secondary discharges. 

As shown in Table 21, more than half 
of the patients who showed indepen- 
dent secondary discharges were taking 
two or fewer anticonvulsive drugs, 
whereas this was so for only 12.2% of 
the patients of group 1. In this latter 
group, 87.8% were taking three or four 
drugs. Nonetheless, there was no clear 
relationship between the type of drug 
taken and the genesis of independent 
secondary discharges (Table 20). How- 
ever, it would be premature to conclude 
that polytherapy is directly able to 
prevent independent secondary dis- 
charges. For example, multiple drugs 
might be prescribed when the epileptic 
illness is long-standing or involves 
structures other than the temporal 
lobes. Likewise, the relationship be- 
tween seizure frequency and treat- 
ment with more than one agent re- 
mains unclear. 
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@ The blink reflex and its recovery cycle 
were examined in 57 patients with idio- 
pathic dystonia affecting different parts of 
the body. The group comprised 9 patients 
with generalized and 15 with segmental 
forms, 19 with torticollis, and 14 with focal 
arm dystonia. None had blepharospasm. 
The duration and amplitude of the R, com- 
ponent of the blink reflex showed only mi- 
nor changes. However, its recovery cycle 
to paired supraorbital nerve stimuli was 
abnormal in all groups of patients, except 
those with focal arm dystonia. These find- 
ings may be interpreted as showing ab- 
normal control of the interneuronal net- 
works mediating the blink reflex in pa- 
tients with dystonia affecting sites other 
than the facial muscles. The fact that the 
principal changes were seen in patients 
with torticollis, and generalized or seg- 
mental dystonia, suggests that the extent 
of dystonia (rather than the severity) and, 
therefore, the close proximity to the cra- 
nial muscles was important in determining 
the extent of the abnormal interneuron 
function. 

(Arch Neurol. 1990;47:413-4 16) 
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hree recent studies have suggested 

that some of the reflex abnormali- 
ties described in patients with idio- 
pathic torsion dystonia may be due to 
changes in the excitability of central 
interneuronal pathways. In two in- 
vestigations’? the recovery cycle of the 
R, component of the blink reflex was 
shown to be abnormally rapid in pa- 
tients with blepharospasm. The ear- 
lier, R, component of the response, 
which shares the same afferent and 
efferent pathways as the later R, com- 
ponent, was relatively unaffected; this 
was taken as evidence that the brain- 
stem interneurons mediating the R, 
component of the blink are abnormally 
excitable. A similar type of abnormal- 
ity of interneuron function has been 
described in patients with writers' 
cramp. The late presynaptic phase of 
reciprocal inhibition from forearm ex- 
tensor to flexor muscles was reduced, 
while the earlier disynaptic inhibition, 
which shares the same afferent and 
efferent pathways, was unaffected.? In 
this case, the spinal interneurons me- 
diating presynaptic inhibition may be 
less excitable than normal. Because 
there is no description of any patho- 
logical damage to spinal or bulbar in- 
terneurons in dystonia, we have sug- 
gested that there may be a deficit in the 
descending control of certain interneu- 
ronal systems in patients with torsion 
dystonia.* 

If this hypothesis is correct, then the 
question arises as to whether all sus- 
ceptible interneuronal systems are af- 
fected in all patients with dystonia, or 
whether specific groups of interneu- 
rones are affected according to the 
distribution of the dystonic symptoms. 


Recent work on patients with various 
types of focal dystonia has suggested 
that interneuronal abnormalities are 
seen predominantly in those systems 
controlling muscles involved in the 
dystonia.’ Systems distant from the 
affected site are relatively normal. If 
this is so, it implies that there is a rel- 
ative somatotopy of central projec- 
tions controlling the excitability of 
spinal or brain-stem interneurons. 

The studies in this article confirm 
the previous work of Tolosa et al.? Like 
them, we have studied a single inter- 
neuronal system, namely that involved 
in habituation of the R, component of 
the blink reflex, and examined how this 
is modified in patients with various 
forms of dystonia. The results show 
that abnormalities of the blink reflex 
are seen mainly in those patients with 
focal dystonia affecting muscles in the 
face or neck, but not convincingly in 
those with focal dystonia of the arm. In 
addition, we have been able to study 
the effect of the extent of dystonia on 
the blink reflex abnormalities, by test- 
ing whether the reflex is, for example, 
less affected in patients with isolated 
torticollis, than in patients with tor- 
ticollis as part of segmental or gener- 
alized dystonia. 


SUBJECTS AND METHODS 


Table 1 gives a summary of the patients 
with primary or idiopathic dystonia who 
participated in the study. None of the pa- 
tients had blepharospasm. Patients classi- 
fied as having either arm dystonia or spas- 
modic torticollis had involvement only of 
the arm or the neck, respectively. All pa- 
tients with segmental or generalized dysto- 
nia exhibited torticollis in addition to arm 
(segmental) and trunk and legs (general- 


Blink Reflex—Nakashima et al 413 


ized) dystonia. In addition, 3 of the 9 pa- 
tients with generalized and 4 of the 15 with 
segmental dystonia had oromandibular in- 
volvement. Normal subjects were labora- 
tory staff or spouses of the patients. There 
was no obvious difference between data 
from males and females. 

The study was carried out in three cen- 
ters: London (England), Rome (Italy), and 
Pamplona (Spain). Table 2 gives a break- 
down of the patient groups studied in each 
center. Since there was no difference be- 
tween the normal values from each center, 


Table 1.— Summary of Diagnosis of 
Patients Who Were Examined 


Diagnosis Cases 


Generalized 
dystonia 


Segmental 
dystonia 


Spasmodic 
torticollis 


Arm dystonia 
Total 
Normal controls 


24.8 * 3.9 


40.0 + 4.4 


49.7 + 2.7 
42.2 + 4.2 
41.2 + 2.2 
37.6 + 2.8 


we felt justified in grouping the data to- 
gether. All the patients with generalized 
dystonia and almost half with torticollis or 
segmental dystonia were taking an anti- 
cholinergic medication at the time of study. 
At least in the latter two groups, medica- 
tion did not appear to affect the results. We 
did not feel justified in withdrawing treat- 
ment from patients with generalized dys- 
tonia, and could not examine the effect of 
treatment in that group of subjects. 
Details of the methods are given in the 
article by Berardelli et al.' Briefly, an elec- 


Table 2.—Breakdown of Centers in 
Which Patients Were Studied 


London, 
England 


Rome, 
Italy 


Pamplona, 
Diagnosis Spain 
Generalized 
dystonia 
Segmental 
dystonia 
Spasmodic 
torticollis 
Arm dystonia 
Normal 
controls 





Table 3.—Latency to Onset, Duration, and Amplitude of the R, 
Component of the Blink Reflex * 


Latency, ms 


Peak-to-Peak 


Duration, ms Amplitude, nV 





10.7 + 0.2 
(n = 25) 


Control 


382 + 66 
(n = 20) 


11.3 + 0.5 
(n = 25) 





10.7 + 0.5 
(n = 14) 


Arm dystonia 


246 + 66 
(n = 12) 


10.7 + 0.8 
(n = 14) 





11:0 + 0:2 
(n = 19) 


Torticollis 


284 + 52 
(n = 15) 


10.4 + 0.7 
(n = 19) 





10.6 + 0.3 
(n = 15) 

10.8 + 0.4 
(n = 9) 


Segmental dystonia 





Generalized dystonia 


266 + 46 
(n = 15) 

395 + 131 
(n = 5) 


TE OR 
(n = 15) 

10.5 + 0.8 
(n = 9) 








* Values given are means + SE. No amplitude data are included from subjects who were studied in Pamplo- 
na, Spain (see “Subjects and Methods” section). None of the differences between the different types of dys- 
tonia reached statistical significance. 








Latency, ms 
—-- www 


Table 4.—Latency to Onset, Duration, and Amplitude of the R; 


Component of the Blink Reflex * 


Mean Duration, ms 








a 


tromyogram was recorded from the orbicu- 
laris oculi muscles while percutaneous elec- 
trical stimuli were delivered to the supraor- 
bital nerve on one side. Measurements were 
made of the latency, duration, and ampli- 
tude of the R, and R, components of the re- 
sponse at stimulus intensities of three to 
four times threshold. Amplitude of R, was 
measured peak to peak in the raw electro- 
myogram; amplitude of R, was the average 
amplitude of the rectified electromyogram 
over the time period of the R, response. 
Surface electrodes were used in London and 
Rome; needle electrodes were used in Pam- 
plona. Because of the difficulty in compar- 
ing response sizes with the two types of 
electrode, amplitude data from Pamplona 
has not been included in Tables 3 and 4. 

The recovery curve of the R, component 
was studied by giving paired stimuli at in- 
tervals ranging from 100 milliseconds to 2 
seconds. Eight trials at each interval were 
given every 10 to 20 seconds and then aver- 
aged. The size measured as the area under 
the R; component in rectified electromyo- 
gram records of the conditioned response 
was then expressed as a percentage of its 
control size, measured in the absence of any 
eonditioning stimulus. Unfortunately, it 
was not always possible to study the same 
range of paired intervals in all subjects. 
However, the important time interval of 
500 milliseconds was recorded in all cases. 
Comparison of the whole time course of the 
recovery curve could only be undertaken 
with data collected in London. 

Comparisons between groups were made 
using unpaired Student's t test or repeated 
measures analysis of variance as appropri- 
ate. 


RESULTS 
Latency, Duration, and Amplitude of 
Blink Reflex 

There was no difference in the la- 
tency, duration, or amplitude of the R, 
component of the blink reflex in any of 
the patients' groups or in normal sub- 
jects (Table 3). 

The R, component showed some 
small differences in duration and am- 
plitude between the groups (Table 4), 






Amplitude, uV 
———————2D 








































Ipsilateral Contralateral Ipsilateral Contralateral Ipsilateral Contralateral 

Normal 31.1 + 0.6 33 t1 41.155 1.6 42.5 + 2.2 62.1 + 8.8 53.7 + 10.3 
(n = 25) (n = 15) (n = 25) (n = 15) (n = 20) (n = 10) 

Arm dystonia 33.8 + 6.1 33.8 + 1.1 49.7 + 4.4 60.4+5 84.7 + 18.6 63.7 + 15.4 
(n = 14) (n = 14) (n = 14) (n = 12) (n = 12) (n = 12) 
Torticollis 93.4 + 1.2 32.8 + 1.2 45 + 2.1 47.3 * 2.4 65 + 5.6 51.8 + 6.5 
(n = 19) (n = 19) (n = 19) (n = 15) (n = 15) (n = 15) 

Segmental dystonia 33.7 + 0.8 35.6 + 1.2 48.9 * 4.3 48.3 +4 82.1 + 12.4 66.7 + 11.6 
(n = 15) (n = 15) (n = 15) (n = 15) (n = 15) (n — 15) 
Generalized dystonia qi T 2E-1.7 32.4 + 2 48+ 6.5 43.3 + 6.7 168 + 54t 147 + 58 
(n = 9) (n = 9) (n = 7) (n = 7) (n = 5) (n = 5) 






* Values given are means + SE. No amplitude data included from subjects studied in Pamplona, Spain (see ''Subjects and Methods section"). No data available from 
the contralateral side of control subjects studied in Rome, Italy. Two patients with generalized dystonia studied in Rome, Italy, had R; durations greater than 200 mil- 
liseconds. These were not included in the mean durations calculated in the table. 

Significant (P < .01) difference compared with normal values. 
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Fig 1.— Typical examples of average (of eight) 
blink reflexes recorded from the orbicularis 
oculi muscles of a normal subject (left column) 
and a patient with isolated torticollis (right col- 
umn). Electrical stimuli were given at the start 
of the sweep to the supraorbital nerve on the 
left side, and the rectified electromyographic 
responses were recorded from both ipsilateral 
(LOO) and contralateral (ROO) muscles. An R, 
response is visible on the ipsilateral side; an R; 
response can be seen on both sides. The up- 
per pair of traces shows the control blink reflex. 
The lower pair illustrates the result of a paired 
shock experiment in which a conditioning stim- 
ulus was given 500 milliseconds prior to the 
test shock. This procedure virtually abolishes 
the R; component in normal subjects, but has 
little effect in the patient. 
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Q Controls Arm Tort Seg Gen 
Fig 2.—Combined data from all subjects show- 
ing on the ordinate the percentage suppression 
of the R; component at a conditioning test in- 
terval of 500 milliseconds (mean data -- 1 SE). 
Statistical comparisons are summarized in the 
text. Arm indicates patients with focal arm 
dystonia; Tort, patients with torticollis; Seg, 
patients with segmental dystonia; and Gen, 
patients with generalized dystonia. 


with the dystonic patients tending to 
have larger reflexes of longer duration 
than normal. The latency of the R, 
component was normal. 


Recovery Cycle of the R, Component 


As explained in the "Subjects and 
Methods" section, the recovery cycle of 
the R, component was tested at an in- 
terval of 500 milliseconds in all sub- 
jects. Typical examples of average rec- 
tified control and conditioned electro- 
myographic responses from a normal 
subject and a patient with segmental 
dystonia are shown in Fig 1. The size of 
the reflex in this patient was barely 
affected at this conditioning test inter- 
valof 500 milliseconds, whereas that in 
the control subject was almost abol- 
ished. Combined data for all groups of 
subjects is shown in Fig 2. Normal 
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Fig 3.— Complete recovery cycles for the R; component of the blink reflex in the patients studied 
in London, England (Table 2). Conditioning test intervals of 100, 250, 500, 1000, and 2000 mil- 
liseconds were studied. Top, Control data: in normal subjects, full recovery is not complete even 
within intervals of 2 seconds. Bottom, Data from three groups of patients: plus sign indicates pa- 
tients with arm dystonia; triangle, patients with torticollis; and circle, patients with segmental dys- 
tonia. Mean data plotted + 1 SE. Statistical comparisons are given in the text. 


Blink Reflex—Nakashima et al 415 


subjects had the greatest depression of 
the R, response at a 500-millisecond 
conditioning test interval. The amount 
of R, depression tended to be less in 
those with arm dystonia compared 
with normal subjects, but this dif- 
ference was not statistically signifi- 
cant (P » .05). However, the patients 
with torticollis (P « .001), segmental 
(P « .01), and generalized (P « .0001) 
dystonia all showed less R, depression 
than normal. There was no difference 
between the results from any of the 
four patient groups. 

Seven patients with segmental or 
generalized dystonia had oromandib- 
ular dystonia (see the "Subjects and 
Methods" section). The degree of R, 
recovery at a conditioning test stimu- 
lus interval of 500 milliseconds in these 
patients was significantly different 
from that in normal subjects (normal 
subjects, 34.8% + 3.776 of control 
value; with oromandibular dystonia, 
63.2% + 7.1%, unpaired Student's t 
test, P < .01; without oromandibular 
dystonia, 61.3% + 6.9%, P<.01). 
However, in this group of patients with 
segmental or generalized dystonia 
there was no difference in the R, re- 
covery cycle between those with or 
without oromandibular dystonia (un- 
paired Student's ¢ test, P > .05). 

The total time course of the R, re- 
covery cycle was analyzed only in the 
patients who were studied in London 
(Fig 3). Since only two patients with 
generalized dystonia were studied in 
London, this analysis is confined to the 
groups of arm, torticollis, and segmen- 
tal dystonias. There was no difference 
in the R, recovery cycle between nor- 
mal subjects and patients with arm 


dystonia (analysis of variance, 
F(1,18) = 0.05, P 7.05). In contrast, 
patients with either spasmodic 
torticollis (analysis of variance, 


F(1,19) = 6.88, P «.025) or segmen- 
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reflex studies in focal dystonias: enhanced excit- 
ability of brainstem interneurones in cranial dys- 
tonia and spasmodic torticollis. Movement Disor- 
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tal dystonia (analysis of variance 
F(1,16) = 19.41, P < .005) had an ear- 
lier recovery cycle of the R, component 
than normal. The recovery curve in 
patients with focal arm dystonia dif- 
fered from that of patients with spas- 
modic torticollis (analysis of variance, 
F(1,19) = 5.47, P < .05) and that of pa- 
tients with segmental dystonia (anal- 
ysis of variance, F(1,16) = 15.75, 
P < .005). However, there was no dif- 
ference in the R, recovery cycle 
between patients with spasmodic 
torticollis and those with segmental 
dystonia (analysis of variance, 
F(1,17) = 0.84, P > .05). 


COMMENT 


Previous work has shown that the 
blink reflex and its recovery cycle are 
abnormal in patients with bleph- 
arospasm.'? In this study we have ex- 
amined the blink reflex in 57 patients 
with primary or idiopathic dystonia 
without blepharospasm, but with dys- 
tonia elsewhere. The patients studied 
here had a focal dystonia involving 
other sites ranging from oromandibu- 
lar dystonia, spasmodic torticollis, or 
focal arm dystonia, or had segmental 
or generalized forms of this condition. 
None of the patients had blepharo- 
spasm. In spite of this, convincing ab- 
normalities of the blink reflex were 
detected in all but those patients with 
focal arm dystonia. The results may be 
summarized as follows: (1) the R, com- 
ponent of the blink reflex was normal 
in all these patients; (2) the latency of 
the R, component was normal, but mi- 
nor alterations in the duration and 
amplitude were evident, and (3) major 
changes were observed in the recovery 
cycle of the R, response to paired 
supraorbital nerve stimuli in those 
subjects with torticollis, segmental, or 
generalized dystonia, but not in those 
with focal arm dystonia. 
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These findings indicate that there 
may be abnormalities in the control of 
interneuronal networks mediating the 
blink reflex not only in patients with 
blepharospasm, but also in some of 
those with dystonia at other sites. This 
suggests that changes in interneu- 
ronal networks may be more wide- 
spread than the clinical symptoms of 
the disease. The question that arises is 
how far these subclinical changes ex- 
tend beyond the clinically affected site. 
In the present study, the R, recovery 
eurve of those patients with focal arm 
dystonia did not differ significantly 
from that of the control group, 
whether taken over the whole time 
course, or at the 500-millisecond inter- 
val that was studied in all centers. To- 
losa et al? also found that patients with 
arm dystonia had blink recovery 
eurves similar to normal subjects. This 
may indicate that there is a somato- 
topy of interneuronal deficits related 
to the site of maximal dystonic symp- 
toms, so that the interneuronal cir- 
cuits relatively distant from the clini- 
cally affected site would be less influ- 
enced than those closer by. 

Finally, the results allow us to ad- 
dress the question of whether the se- 
verity/extent of dystonia affects the 
degree of interneuronal abnormality. 
We were able to study three groups of 
patients, all of whom had torticollis, 
but in one group, the torticollis was 
focal, in the second it was segmental, 
being accompanied by arm dystonia, 
and in the third it was part of a gener- 
alized dystonia. There was no signifi- 
cant difference in the blink reflex 
changes in any group. Thus we must 
conclude that abnormalities of inter- 
neuronal excitability are more closely 
linked to the proximity of dystonic 
symptoms to the reflex arc tested than 
to the extent or severity of dystonia. 
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Tegretol® 


carbamazepine USP 


Chewable Tablets of 100 mg—red-speckled, pink Tablets of 200 mg— pink 
WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL. DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION. HOWEVER. 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL, DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME. HOWEVER. THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND APLAS- 
TIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 0B- 
SERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL 
THE OCCURRENCE OF EITHER ABNORMALITY. NONETHELESS, COMPLETE PRE- 
TREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A BASELINE 
IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR DECREASED 
WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD BE 
MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 


Before prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs. 
especially those which accentuate toxicity potential. 

DESCRIPTION 

Tegretol. carbamazepine USP. is an anticonvulsant and specific analgesic for trigeminal 
neuralgia. available as chewable tablets of 100 mg and tablets of 200 mg for oral admin- 
istration. Its chemical name is 5H-dibenz[b f]azepine-5-carboxamide. and its structural 
formula is 


y 
CONH? 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone. Its molecular weight is 236.27 
Inactive Ingredients. Colloidal silicon dioxide, FO&C Red No. 3 (chewable tablets only), 
FD&C Red No. 40 (200-mg tablets only), flavoring (chewable tablets only), gelatin. glycer- 
in, Magnesium stearate, sodium starch glycolate (chewable tablets only), starch. stearic 
acid, and sucrose (chewable tablets only) 
CLINICAL PHARMACOLOGY 
In controlled clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. |t depresses thalamic potential and 
bulbar and polysynaptic reflexes, including the linguomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia. The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than à 
solution. thus avoiding undesirably high peak concentrations. Tegretol in blood is 76% 
bound to plasma proteins Plasma levels of Tegretol are variable and may range from 
0 5-25 .g/ml, with no apparent relationship to the daily intake of the drug. Usual adult 
therapeutic levels are between 4 and 12 ug/ml. Following oral administration, serum 
levels peak at 4 to 5 hours. The CSF/serum ratio is 0.22, similar to the 22% unbound 
Tegretol in serum. Because Tegretol may induce its own metabolism, the half-life is also 
vanable. Initial half-life values range trom 25-65 hours. with 12-17 hours on repeated 
doses. Tegretol is metabolized in the liver After oral administration of 14 C-carbamazepine 
72% of the administered radioactivity was found in the urine and 28% in the feces. This 
urinary radioactivity was composed largely of hydroxylated and conjugated metabolites. 
with only 3% of unchanged Tegretol. Transplacental passage of Tegretol is rapid (30 to 60 
minutes), and the drug is accumulated in fetal tissues. with higher levels found in liver and 
kidney than in brain and lungs. 
INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived from active drug-controlled studies 
that enrolled patients with the following seizure types 
1. Partial seizures with complex symptomatology (psychomotor, temporal lobe) Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal), 
3 Mixed seizure patterns which include the above. or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS, General) 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not a simple analgesic and should not be used for the relief of trivial aches or 
pains 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds, such 
as amitnptyline, desipramine, imipramine, protriptyline. nortriptyline, etc. Likewise, on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Betore administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days. or longer if the clinical situation permits. 
WARNINGS 


Patients with a history of adverse hematologic reaction to any drug may be particularly at 
risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell's syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretol. These reactions have 
been extremely rare. However, a tew fatalities have been reported 

Tegretol has shown mild anticholinergic activity; therefore, patients with increased 
intraocular pressure should be closely observed during therapy. 

Because of the relationship of the drug to other tricyclic compounds, the possibility of 
activation of a latent psychosis and, in elderly patients, of confusion or agitation should be 
borne in mind 
PRECAUTIONS 
General: Betore initiating therapy, a detailed history and physical examination should be 
made 


Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
a history of cardiac, hepatic of renal damage, adverse hematologic reaction to other 
drugs, or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem, such as fever, sore throat, ulcers in the 
mouth, easy bruising, petechial or purpuric hemorrhage. and should be advised to report 
to the physician immediately i any such signs or symptoms appear 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 

Tests: Complete pretreatment blood counts, including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline I1 a patient in the course ot 
treatment exhibits low or decreased white blood cell or platelet counts, the patient should 
be monitored closely. Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and penodic evaluations of liver function, particularly in patients with a history 
of liver disease. must be performed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and tonome- 
try, are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dysfunction 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 





and safety of anticonvulsants. This monitoring may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance. In addition, 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use. either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital, phenytoin. or 
pnimidone, or a combination of two, produces a marked lowering of serum levels of 
Tegretol The effect of valproic acid on Tegretol blood levels is not clearly established 

The half-lives of phenytoin, wartarin. doxycycline. and theophylline were significantly 
shortened when administered concurrently with Tegreto! Haloperido! and valproic acid 
serum levels may be reduced when these drugs are administered with Tegretol. The doses 
of these drugs may therefore have to be increased when Tegretol is added to tne 
therapeutic regimen 

Concomitan] administration of Tegretol with erythromycin, cimetidine, propoxyphene 
isoniazid or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases. Also, concomitant administration of 
carbamazepine and lithium may increase the risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine. when admin 
istered to Sprague-Dawley rats for two years in the diet at doses of 25. 75, and 250 
mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must. theretore, be considered to be carcinogenic in Sprague-Dawley 
rats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results, The significance of these findings relative to the use of carbamazepine in 
humans is, at present. unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg In rat teratology studies, 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate. 1. talipes. 1 
anophthalmos. 2) In reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Tegretol should 
be used during pregnancy only if the potential benefit justifies the potential risk to the 
fetus 

Retrospective case reviews suggest that. compared with monotherapy, there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy. Therefore. monotherapy is recommended for pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to lite In 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient. discontinuation of the 
drug may be considered prior to and during pregnancy. although it cannot be said with any 
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Confidence that even minor seizures do not pose some hazard to the developing embryo or 
letus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation, concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants from carbamaz- 
epine, a decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the mother 
Pediatric Use: Satety and effectiveness in children below the age of 6 years have not been 
established 
ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued, the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

‘The most frequently observed adverse reactions, particularly during the initial phases of 
therapy, are dizziness, drowsiness, unsteadiness, nausea, and vomiting To minimize the 
possibility of such reactions, therapy should be initiated at the low dosage recommended 

The following additional adverse reactions have been reported 
Hemoporetic System Aplastic anemia. agranulocytosis. pancytopenia. bone marrow 
depression. thrombocytopenia. leukopenia, leukocytosis, eosinophilia 
Skin. Pruritic and erythematous rashes, urticaria, toxic epidermal necrolysis (Lyell's 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS), photosensi- 
tivity reactions, alterations in skin pigmentation. exfoliative dermatitis, erythema multi- 
forme and nodosum. purpura, aggravation of disseminated lupus erythematosus 
alopecia, and diaphoresis. In certain cases, discontinuation of therapy may be necessary 
Cardiovascular System Congestive heart failure. edema. aggravation of hypertension 
hypotension. syncope and collapse, aggravation of coronary artery disease. arrhythmias 
and AV block, primary thrombophlebitis. recurrence of thrombophlebitis, and adenopathy 
‘or lymphadenopathy. 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tricyclic compounds 
Liver Abnormalities in liver function tests, cholestatic and hepatocellular jaundice 
hepatitis 
Respiratory System. Pulmonary hypersensitivity characterized by fever, dyspnea, pneu 
monitis or pneumonia 
Genitourinary System Urinary frequency, acute urinary retention, oliguria with elevated 
blood pressure, azotemia, renal failure, and impotence Albuminuria, glycosuria, elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegretol orally trom 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day Additionally, rats receiving Tegretol in the diet tor two years 
at dosage levels of 25. 75, and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs. it produced a brownish discoloration. presum- 
ably a metabolite in the urmary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown 
Nervous System. Dizziness, drowsiness, disturbances of coordination, contusion, head- 
ache. fatigue. blurred vision, visual hallucinations, transient diplopia, oculomotor distur- 
bances, nystagmus. speech disturbances, abnormal involuntary movements, peripheral 
neuritis and paresthesias. depression with agitation. talkativeness. tinnitus. and hyper- 
acusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency. but the exact relationship of these reactions to the drug has not been 
established 
Digestive System: Nausea. vomiting, gastric distress and abdominal pain, diarrhea 
constipation. anorexia. and dryness of the mouth and pharynx. including glossitis and 
stomatitis 
Eyes. Scattered punctate. cortical lens opacities, as well as conjunctivitis have been 
reported. Although a direct causal relationship has not been established. many phenothia- 
zines and related drugs have been shown to cause eye changes 
Musculoskeletal System Aching joints and muscles. and leg cramps 
Metabolism Fever and chills Inappropnate antidiuretic hormone (ADH) secretion syn 
drome has been reported Cases of trank water intoxication. with decreased serum sodium 
(hyponatremia) and contusion. have been reported in association with Tegretol use [see 
PRECAUTIONS, Laboratory Tests), 
Other Isolated cases o! a lupus erythematosus-like syndrome have been reported. There 
have been occasional reports of elevated levels of cholesterol. HDL cholesterol and 
triglycerides in patients taking anticonvulsants 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol, nor is there evidence of 
psychological or physical dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults. >60 g (39-year-old man) Highest known doses 
survived: adults, 30 g (31-year-old woman), children, 10 g (6-year-old boy): small 
children, 5 g (3-year-old girl) 
Oral LDsg in animals (mg/kg) mice. 1100-3750. rats, 3850-4025: rabbits, 1500-2680 
guinea pigs, 920. 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascular disorders are generally milder, and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration: Irregular breathing. respiratory depression 
carova cular System: Tachycardia. hypotension or hypertension. shock. conduction 
isorders 
Nervous System and Muscles. Impairment of consciousness ranging in severity to deep 
coma. Convulsions, especially in small children Motor restlessness, muscular twitching 
tremor, athetoid movements. opisthotonos, ataxia, drowsiness. dizziness, mydriasis 
nystagmus, adiadochokinesia, ballism, psychomotor disturbances dysmetria Initial 
hyperreflexia, followed by hyporetiexia 
Gastrointestinal Tract’ Nausea, vomiting 
Kidneys and Bladder Anuna or oliguria. urinary retention 
Laboratory Findings: Isolated instances of overdosage have included leukocytosis. re 
duced leukocyte count, glycosuria and acetonuria, EEG may show dysrhythmias 
Combined Poisoning When alcohol, tricyclic antidepressants, barbiturates or hydantoins 
are taken al the same time. the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or moditied 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt elimination 
of the drug. which may be achieved by inducing vomiting, irngating the stomach, and by 
taking appropriate steps to diminish absorption. If these measures cannot be implemented 
without risk on the spot, the patient should be transferred at once to a hospital. while 
ensuring that vital functions are safeguarded. There is no specific antidote 
Elimination of the Drug: Induction of vomiting 
Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach should be repeatedly irrigated. especially if the patient has also 
consumed alcohol 
Measures to Reduce Absorption. Activated charcoal. laxatives 
Measures to Accelerate Elimination Forced diuresis 
Dialysis ıs indicated only in severe poisoning associated with renal failure Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression. Keep the airways tree. resort. if necessary, to endotracheal 
intubation, artificial respiration. and administration of oxygen 
Hypotension, Shock. Keep the patient's legs raised and administer a plasma expander If 
blood pressure fails to rise despite measures taken to increase plasma volume, use of 
vasoactive substances should be considered 
Convulsions. Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension, and coma However, barbiturates should not be used if drugs that 
inhibit monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one week) 
Surveillance: Respiration, cardiac tunction (ECG monitoring), blood pressure, body tem- 
perature, pupillary reflexes. and kidney and bladder function should be monitored for 
several days 
Treatment of Blood Count Abnormalities If evidence of significant bone marrow depres- 
Sion develops. the following recommendations are suggested: (1) stop the drug. (2) per- 
form daily CBC. platelet and reticulocyte counts, (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 
Special periodic studies might be helpful as follows. (1) white cell and platelet anti- 
bodies, (2) 59Fe—terrokinetic studies. (3) peripheral blood cell typing, (4) cytogenetic 
studies on marrow and peripheral blood. (5) bone marrow culture studies tor colony- 
forming units, (6) hemoglobin electrophoresis for A» and F hemoglobin. and (7) serum 
folic acid and B 12 levels. 
A tully developed aplastic anemia will require appropriate. intensive monitoring and 
therapy, for which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests) Dosage should be adjusted to the needs of the individ- 
ual patient A low initial daily dosage with a gradual increase is advised As soon as 
adequate control is achieved. the dosage may be reduced very gradually to the minimum 
effective level. Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg bı d Increase at weekly 
intervals by adding up to 200 mg per day using at id or gid regimen until the best 
response is obtained. Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age. and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum effective level. usually 800-1200 mg daily 
Children 6-12 years of age— Initial: 100 mg b i d Increase at weekly intervals by adding 
100 mg per day usinga t ı d org! d. regimen until the best response is obtained. Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level, usually 400-800 mg daily. 
Combination Therapy: Tegretol may be used alone or with other anticonvu'sants. When 
added to existing anticonvulsant therapy, the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased, except phenytoin, which 
may have to be increased (see PRECAUTIONS, Drug Interactions and Pregnancy Category 


€) 

Trigeminal Neuralgia (see INDICATIONS AND USAGE) 

Initial: 100 mg bı d. on the first day for a total daily dose of 200 mg This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom trom pain Do not exceed 1200 mg daily 
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HILTON HEAD ISLAND 


*Modern Dissection Techniques of Bone, 
Biometals, Bioceramics, and Bioplastics" 


SYMPOSIA/HANDS-ON WORKSHOPS |. 


for NEUROSURGEONS, PLASTIC, CRANIOFACIAL, - 
MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700) 


for OR PERSONNEL (ORP 700) 
presented by 
MIDAS REX" Institute 








Course Directors: 
Edward F. Downing, M.D.; John M. Tew, Jr., M.D. 
Susan Mitchell, Ed.D.; Tom Mickel, Ph.D. 


SYMPOSIUM FORMAT 


; The MIDAS REX Hands-On Workshops will ; Palmetto 


WORKSHOPS; 

be held each day from 7:30 a.m. to 1:30 p.m. The workshop 

will emphasize a series of structured exercises utilizing appro- 

m animal bones, skeletal bones, bioplastics, and 
etals. 


Neuro 700—dissection skills for bonework of the cranium and 
spine, including attention to bloplastics and biometals appli- 
cable to neurosurgery. 


ORP 700—dissection skills to become familiar with the appli- 
cations of power instrumentation; discussion of and participa- 
tion in problem solving, care, and proper maintenance of 
power equipment. 


COURSE LOCATION and ACCOMMODATIONS: 
Dunes Resort, Hilton Head Island, SC 29938. Phone 800- 
845-6130 or 803-785-1161. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fellow/Resi- 
dent $585.00 (with letter from Department Age ee Operat- 
ing Room Personnel (RN/CST/PA/Other) $250.00. Make 
check to "Hilton Head Symposium." Mail to: Midas Rex 
Institute, 2929 Race Street, Fort Worth, TX 76111. Phone: 
800-433-7639 or 817-831-2604. 


*Enrollment is limited. Please call to reserve space before 
sending check or arranging travel plans. All enrollments are 
made through the Midas Rex office in Fort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 
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625 West Katella, Unit 22, Orange, California 
"Modern Dissectlon Techniques of Bone, Blometals, Bloceramics, and Bloplastics" 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700)—dissection skills for bonework of the head and spine, including attention to 
bioplastics and biometals as applicable. 


OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power 
instrumentation; and participation in problem solving, care and proper maintenance of power equipment. 


Neuro 700 — JUNE 18-19-20 — JULY 5-6-7 + 16-17-18 — AUGUST 13-14-15 
ORP 700 — AUGUST 27-28-29 




















ENROLLMENT: Fee (US$): Surgeon $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 
















Make check to: "Los Angeles Symposium." Mail to: 
Midas Rex Institute, 2929 Race Street, Fort Worth, TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 


“Enrollment is limited. Please call to reserve space 
before sending check or arranging travel plans. All 
enrollments are made through the Midas Rex office in 
Fort Worth. 


Join the more than 8,000 enrollees who have completed 
Midas Rex Hands-On Workshops. 







































Regional Cerebral Blood Flow and Cognitive Function 
in Huntington's Disease and Schizophrenia 


A Comparison of Patients Matched for 
Performance on a Prefrontal-Type Task 


Terry E. Goldberg, PhD; Karen Faith Berman, MD; Erich Mohr, PhD; Daniel R. Weinberger, MD 


@ Matching patients with etiologically 
distinct but clinically overlapping cogni- 
tive disorders on performance of a region- 
ally specific neuropsychological task is a 
novel and potentially powerful approach 
to highlighting differences in the patho- 
physiological mechanisms of impaired 
cognition. We used this strategy to com- 
pare patients with Huntington’s disease 
(HD) and schizophrenia (SC), disorders 
that share similarities in cognitive impair- 
ment. Patients were matched on the basis 
of performance on the Wisconsin Card 
Sorting test of “prefrontal” function, after 
which neuropsychological test data and 
regional cerebral blood flow data were 
determined while patients who performed 
the Wisconsin Card Sorting test were ex- 
amined. Patients with HD performed worse 
on visuospatial tasks and recall memory 


A popular neuropsychological ap- 

proach to contrasting neurobe- 
havioral function in dementing disor- 
ders of differing neuropathology is to 
compare the performance of patients 
on distinct cognitive tests. In so doing, 
global indicators, such as IQ, premor- 
bid level of functioning, or dementia 
rating scales, are often used to equate 
groups, and it is then assumed that 
general abilities are controlled, and 
any variations in the cognitive profile 
reflect the impact of disease. Such 
methodology has been widely em- 
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than did patients with SC, although 
Wechsler Adult Intelligence Scales- 
Revised IQ and Wechsler Memory Scale 
memory quotients were equivalent. These 
differences could not be attributed to dif- 
ferences on the index task, the Wisconsin 
Card Sorting Test. Patients with HD and SC 
exhibited a double dissociation in regional 
cerebral blood flow. The patients with SC 
had relatively low frontal and high parietal 
flows, while patients with HD exhibited the 
reverse of this pattern. Thus, the regional 
cerebral blood flow and neuropsychologi- 
cal findings in this study appeared to dem- 
onstrate that the single final common cog- 
nitive impairment of executive function in 
HD and SC is associated with two mark- 
edly dissimilar pathophysiological states. 
(Arch Neurol. 1990;47:418-422) 


ployed in comparisons of Parkinson's 
disease and Alzheimer's disease and 
various amnesic disorders. A less 
common approach entails matching 
patients on the basis of a neuropsy- 
chological task that is assumed to as- 
sess relatively circumscribed and re- 
gionally specific function. It is still less 
common to compare regional brain 
metabolism between groups matched 
in this fashion. This combination of 
neuropsychology and neuroimaging 
offers several possible advantages. 
First, it might clarify whether a single 
pathophysiological mechanism or 
multiple mechanisms exist for a given 
neuropsychological deficit. Second, 
physiological differences between 
groups cannot be attributed to differ- 
ences in performance on the index 
task. Third, differences found in other 
neuropsychological tests cannot be at- 
tributed to difficulties in the index 
task. 

We chose to employ this strategy in 
a comparison of patients with Hun- 


tington’s disease (HD) and patients 
with schizophrenia (SC) because these 
disorders, in many cases, share several 
neuropsychiatric and neuropsycholog- 
ical features. These include similar 
performance deficits on concept for- 
mation and problem-solving cognitive 
tasks, psychosis, affective changes, 
and, in daily life, impairments in plan- 
ning, motivation, and initiative.° We 
matched patients on the basis of their 
performance on the Wisconsin Card 
Sorting (WCSI) Test, a problem- 
solving task of abstraction, set shift- 
ing, and response to feedback that is 
sensitive to and relatively specific for 
prefrontal cortical dysfunction.”* The 
regional cerebral blood flow (rCBF), 
determined during performance of the 
WCS test, and scores on other neu- 
ropsychological tests served as depen- 
dent measures. 

Huntington’s disease is character- 
ized neuropathologically by degenera- 
tion of the caudate nucleus’ and clini- 
cally by chorea and various neuropsy- 
chological deficits,"^" in particular, 
deficits on tests of frontal lobe func- 
tion, such as the WCS test." Poor 
performance on the WCS test in HD 
may be related to interruptions in 
frontal lobe basal ganglia connectiv- 
ity. Positron emission tomography 
studies of patients with HD have con- 
sistently found lower glucose utiliza- 
tion in the caudate nucleus but normal 
prefrontal metabolism during resting 
conditions.'^'^ By measuring the rCBF 
during performance of the WCS test, 
Weinberger et al'5 found that it was 
relatively increased (though not sig- 
nificantly) in the prefrontal region of 
patients with HD compared with nor- 
mal subjects and that patients’ pre- 
frontal rCBF positively correlated 
with the degree of caudate atrophy as 
demonstrated on a computed tomo- 
graphic scan. It has been suggested 
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that the positron emission tomo- 
graphic and rCBF findings reflect a 
prefrontal-caudate disconnection and 
the “downstream” effect of caudate 
degeneration on prefrontal physiol- 
ogy.“ 

Research on SC has indicated that 
there may be dysfunction of the fron- 
tal lobe in this disorder as well. Like 
patients with HD, patients with SC 
also do poorly on neuropsychological 
tests of prefrontal function.” The cog- 
nitive deficit is often severe, as some 
patients who cannot do the WCST 
cannot learn it even when explicit 
instructions are  provided.* Both 
positron emission tomography and 
rCBF studies, especially those utiliz- 
ing cognitive activation paradigms, 
suggest that patients with SC exhibit 
reduced prefrontal metabolism.'*” In 
contrast to HD, SC is not typically 
characterized by caudate degenera- 
tion. 

Thus, the purpose of the present 
study was to address the following 
questions: Is the similar deficit in “pre- 
frontal” cognitive function in these 
disorders the result of a unitary patho- 
physiological mechanism? We found 
evidence to suggest that similar pre- 
frontal cognitive impairment in HD 
and SC was associated with different 
physiological states. 


PATIENTS AND METHODS 
Patients 


The sample consisted of 11 patients with 
HD (5 males and 6 females; mean (+SD) 
age, 43.3 + 12.7 years; and range, 25 to 62 
years) diagnosed by the presence of chorea, 
a contributory family history, deteriora- 
tion of cognitive function, and, in the ma- 
jority of cases, caudate atrophy as demon- 
strated on a computed tomographic scan. 
Initial results of a comparison between 8 of 
the patients with HD and normal controls 
have been reported previously." In the HD 
group, the mean age of onset was 36.1 years. 
Thus, the mean duration of illness was 7.2 
years. The mean disability rating? was 10 
(range, 8 to 12). Three patients in the HD 
group were receiving haloperidol, and 1 pa- 
tient was receiving haloperidol and flu- 
phenazine hydrochloride at the time of the 
rCBF procedure. At the time of neuropsy- 
chological testing, all patients with HD 
were free of medications. From a group of 
patients with SC who had been studied in a 
comparison with normal subjects,?'? eleven 
subjects were selected to match the pa- 
tients with HD on the basis of performance 
on the WCST. The SC group consisted of 9 
males and 2 females, with a mean (+SD) 
age of 29.7 + 4.8 years (range, 23 to 39 
years). In the SC group, the mean duration 
of illness was 7.1 years (range, 2 to 14 
years). In the SC group all patients had 
been free of medications for at least 4 weeks 
at the time of rCBF procedure. All patients 
with SC received standard dosages of neu- 
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roleptic drugs at the time of neuropsycho- 
logical testing. 

The administration procedure and scor- 
ing method for the WCST were described by 
Heaton.” Because the WCST was adminis- 
tered during the rCBF procedure, a suitable 
automated version was developed." 

The percent perseverative error score, 
usually considered to be most sensitive to 
prefrontal cortical dysfunction, was used to 
match subjects. Of the 11 yoked pairs, 4 
differed by not more than four points; none 
differed by more than 12 points. The range 
of percent perseverative errors was 5 to 71. 


rCBF 


Procedure. — The rCBF was determined by 
the xenon 133 inhalation method developed 
by Obrist et al” and employed with modifi- 
cations described by Weinberger et al.” In 
addition, a method for a reproducible place- 
ment of extracranial radiation detectors 
was developed, as was a topographic map- 
ping technique for display of the data. 

The rCBF data that are presented con- 
sisted of initial slope (IS) values derived 
from the clearance curves of cortical areas 
surveyed by 32 extracranial radiation de- 
tectors mounted in a helmet. The IS is a 
unitless index measure that has been de- 
fined and validated as an indicator of gray- 
matter blood flow. The approximate re- 
gion of the cortex, monitored by each de- 
tector, has been determined by the 
relationship to standard international 
10/20 electroencephalographic lead place- 
ments.? 

Test Conditions.— A1l subjects were seated 
in a semireclining chair. Each subject un- 
derwent three consecutive rCBF procedures 
that were separated by at least 30 minutes 
and carried out either in a morning or 
afternoon session. The testing room was 
dimly lit and quiet. The first condition was 
the resting state: subjects were asked to 
stay awake, remain motionless, and keep 
their eyes closed. 

The second and third rCBF procedures 
were administered during the performance 
of mental activation tasks. These activation 
paradigms began approximately 1 minute 
before xenon inhalation and continued 
throughout the entire 12-minute rCBF 
measurement period. Tasks were presented 
in a counterbalanced sequence to control 
for the possibility of a confounding order 
effect. 

One paradigm involved the automated 
administration of the WCST. Normal sub- 
jects display an increase in rCBF during the 
performance of the WCST that is maximal 
in the dorsolateral prefrontal cortex.” 
The second task was a simple automated 
number-matching procedure administered 
on the identical apparatus as the WCST. 
This task had two purposes. It was designed 
to be relatively nonspecific in terms of the 
cerebral region and simple mental activity, 
and it served as an “active” baseline state 
against which rCBF during the WCST could 
be compared. Consistent with this second 
purpose, the number-matching task was 
conceived as an individualized control for 
aspects of the WCST rCBF experience, 
other than that involving regionally spe- 
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cific cognitive function. Thus, the number- 
matching task was equated for finger move- 
ment involved in responding, the eye scan- 
ning and visual stimulation, and the 
psychological experience of taking a test in 
an rCBF apparatus. 

Several peripheral physiological mea- 
sures (ie, pulse rate, respiration rate, and 
skin conductance) were continuously mon- 
itored on a polygraph during each.rCBF 
procedure. The end-expiratory partial pres- 
sure of Pco, was continuously monitored by 
a capnograph. 

rCBF Analysis.— Region-by-region analy- 
sis of the absolute rCBF involved collapsing 
32 individual gray-matter IS values into 
five functionally meaningful regions: pre- 
frontal, precentral, temporal, parietal, and 
parieto-occipital, as previously described. 
Because of the relatively small sample and 
the number of regional values, right- and 
left-hemisphere regions were combined for 
analysis. The rCBF value for each region 
was determined by deriving the mean of the 
individual detector values that constituted 
that region. 

Interpretation of absolute CBF data is 
complicated by the effect of the arterial 
Pco, concentration, hemoglobin concentra- 
tion, blood volume, partition coefficients, 
and breathing patterns. Because the mean 
cerebral blood flow varies directly with 
Pco,, group differences might be an artifact 
of differences in ventilation. Patients with 
HD had higher Pco, levels than did patients 
with SC. In addition, the patients with HD 
were older. Because blood flow may corre- 
late inversely with age,” this represents 
another possible source of variation. 

One approach to reduce the Pco,, hemo- 
globin, and partition coefficient differences 
and also reduce the interindividual vari- 
ance in rCBF data involves a correction 
procedure by which the regionalIS value of 
each individual is referenced to his or her 
brain mean blood flow. As such, regional 
rCBF values were normalized to their own 
internal reference values. These were con- 
sidered "adjusted values." All analyses 
were performed on these normalized data. 


Neuropsychological Measures 


The Wechsler Adult Intelligence Scales- 
revised was administered to all patients, 
and the Wechsler Memory Scale form I was 
administered to all the patients with HD 
and to six of the patients with SC. As noted, 
patients also received another neuropsy- 
chological test, the WCS, which was admin- 
istered during the rCBF procedure. 


Statistical Analyses 


Results of neuropsychological test per- 
formance were analyzed by unpaired t tests. 
Most rCBF data were analyzed by multi- 
variate analysis of variance, with diagnos- 
tic group as a class effect to control for type 
I error. If a trend for significance was 
apparent (P < .1), data were further ana- 
lyzed by analysis of variance. The ISs of re- 
gions served as multiple dependent mea- 
sures. Spearman's correlations were used to 
determine the strength of the association 
between neuropsychological and blood flow 
variables. 


419 


RESULTS 
rCBF Measures 


The mean adjusted rCBF values for 
the groups in each condition are dis- 
played in Fig 1. Analyses for adjusted 
rCBF scores are listed in Table 1. In the 
resting condition, the overall group 
multivariate analysis of variance find- 
ing was not significant. During the 
control (number-matching) condition, 
a trend toward an overall group dif- 
ference was found by multivariate 
analysis of variance (P = .10). Analy- 
sis of variance indicated that signifi- 
cant between-group differences in the 
parietal lobe were present. During the 
WCST activation condition, a strong 
trend for overall group difference was 
evident by multivariate analysis of 
variance (P = .06). Analysis of vari- 
ance indicated a trend toward a sig- 
nificant difference in the prefrontal 
area (P = .06). A significant difference 
was found by analysis of variance in 
the parietal area. A topographic map 
of adjusted flow in the WCS test con- 
dition is displayed in Fig 2. 


Neuropsychological Tests 


Descriptive statistics of the sum- 
mary neuropsychological data are 
listed in Table 2. Groups were com- 
pared on Wechsler Adult Intelligence 
Scales-revised factors,” namely, ver- 
bal expression/comprehension and 
perceptual organization. Memory 
scores from the Wechsler Memory 
Scale,” namely, recall of passages, vi- 
sual reproduction of designs after a 
minimal delay, and “hard” and “easy” 
paired associate learning, are also 
listed in Table 2. 

The full-scale IQ did not differ sig- 
nificantly between the groups. The 
Wechsler Memory Scale memory quo- 


tient also did not differ between the 
groups. Performances were generally 
in the borderline to low average range. 

Patients with HD performed worse 
than patients with SC on the percep- 
tual organization factor of the 
Wechsler Adult Intelligence Scales- 
revised. In addition, they had more 
difficulty on visual reproduction of de- 
signs and hard paired associate learn- 
ing on the Wechsler Memory Scale. On 
the WCST, the performance of both 
groups was similar (due to the match- 
ing procedure) and in the impaired 
range. 


Relationship Between rCBF and 
Neuropsychological Measures 


Correlations between adjusted 
rCBF values and neuropsychological 
scores were next examined. None at- 
tained significance in the resting, num- 
bers control, or WCST activation con- 
dition. 

COMMENT 


Patients with HD and patients with 
SC are rarely mistaken for each other. 
Since, in most instances, they can be 
clearly distinguished on clinical exam- 
ination, the results of this study from 
a clinical perspective are not surpris- 
ing. From a research perspective, how- 
ever, the possibility of demonstrating 
that different physiological mecha- 
nisms are related to similar cognitive 
deficits is of interest. 

We found a double dissociation in 
the behavior-specific rCBF topography 
of HD and SC. In SC, patients dis- 
played relatively diminished prefron- 
tal activity and augmented parietal 
activity during performance of the 
WCST, while patients with HD exhib- 
ited the reverse pattern of increased 
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prefrontal flow and decreased parietal 
lobe flow (relative to each other). Given 
that the groups were matched on 
WCST performance, it appeared that 
two distinct pathophysiological corre- 
lates existed for final common cogni- 
tive impairment. These physiological 
differences could not be attributed to 
differences in performance on the cog- 
nitive task. Itis also interesting to note 
that as the groups had similar IQ and 
memory quotient scores, general intel- 
lectual disability alone did not appear 
to explain the rCBF differences. 

Regarding cognitive differences, pa- 
tients with HD performed more poorly 
on visuospatial and verbal recall tasks 
than did patients with SC. While both 
groups exhibited impairment on the 
WCST, this was comparable with that 
of unselected patient populations with 
these disorders.*?!? As with the dif- 
ferences in rCBF, the differences in the 
neuropsychological profile also could 
not be attributed to differences in per- 
formance on the executive task and the 
WCST, or to overall IQ or memory 
quotient differences. However, the 
precise relationship of these deficits to 
rCBF is unclear, as no signifiant cor- 
relation between cognitive scores and 
rCBF was found. 

There are a number of methodolog- 
ical issues that must be addressed. 
First, the differences in medication 
status between the groups may be 
problematic. It appears, however, that 
neuroleptic drugs do not have a con- 
sistent effect on cortical metabolism.” 
Moreover, they do not produce region- 
ally discrete metabolic patterns, and 
their withdrawal does not markedly 
worsen neuropsychological perfor- 
mance in patients with SC.? However, 
normalized (“adjusted”) values of the 





Fig 1.— The regional cerebral blood flow (mean + SD) in patients with Huntington’s disease (thick bars) (n — 11) and 
patients with schizophrenia (thin bars) (n — 11) during (left) the resting condition, (center), the number-matching control 
condition, and (right) the Wisconsin Card Sorting Test activation condition. The regional cerebral blood flow values (ad- 
justed) are expressed as a percentage of the mean brain blood flow. For any given cortical region and group, the height 
of the long bar represents the mean, and the height of the short bar represents the SD. Two asterisks denote significant 
between-group differences at the P « .05 level by analysis of variance; one asterisk, significant differences at the P < .10 
level; PF, prefrontal cortex; PC, precentral cortex; T, temporal cortex; P, parietal cortex; and PO, parieto-occipital cortex. 
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Table 1.— Comparison of HD and SC 
Group on Adjusted rCBF Values * 


Test Conditiont 


Resting 

No. matching 
Prefrontal 
Precentral 
Temporal 
Parietal 
Parieto-occipital 

WCST 
Prefrontal 
Precentral 
Temporal 
Parietal 
Parieto-occipital 


F (ANOVA) 








“HD indicates Huntington's disease; SC, schizo- 
phrenia; rCBF, regional cerebral blood flow; ANOVA, 
analysis of variance; and WCST, Wisconsin Card 
Sorting Test. 

tFor the resting condition, Wilks’ A = .67, F (5, 
15) — 1.45, and P — .26; for the number-matching 
condition, Wilks' A = .59, F (5, 16) = 2.21, and 
P= .10; and for the WCST, Wilks' A = .57, F (5, 
16) — 2.30, and P — .09. 

Patients with HD differed from patients with SC at 
P < .05 by ANOVA. 

SPatients with HD differed from patients with SC at 
P < .10 by ANOVA. 


sort that we used, in which each sub- 
ject's regional flow values were refer- 
enced to his or her hemispheric flow 
values, are relatively insensitive to the 
impact of PCO,, which is thought to ef- 
fect CBF globally.” The Pco, and age 
differences between the groups also 
might confound results. In this man- 
ner, relative distributions of values, 
rather than absolute flow values, were 
employed. Regarding age, the patients 
with HD exhibited higher adjusted 
flow values than did patients with SC 
despite being older, a finding that is in 
contrast to the reported effect of 
aging.” Thus, age may have worked 
to reduce the magnitude of the differ- 
ence in the prefrontal area. Multivari- 
ate analysis of covariance, with age 
serving as a covariate, was not per- 
formed as it did not correlate signifi- 
cantly with adjusted rCBF values dur- 
ing either the resting, control, or acti- 
vation conditions. It is also conceivable 
that age was related to the neuropsy- 
chological differences in recall mem- 
ory and visuospatial functions, al- 
though age was not correlated signifi- 
cantly with the former (analysis 
available on request) and the latter 
measure was "age adjusted." 
Consistent with a previous report, 
the adjusted rCBF values in the pa- 
tients with HD were high in the pre- 
frontal cortex compared with parietal 
regions. It is unlikely that this reflects 
an intrinsic cortical degeneration, as 
rCBF would likely be reduced. Rather, 
this physiological situation might re- 
flect a caudate pathological condition, 
which prevents information from ex- 
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rCBF ADJUSTED VALUES OURING WISCONSIN CARO SORT 


NIMH CLINICAL BRAIN OISORDERS BRANCH 





Fig 2.—Topographic gray-matter composite mean regional cerebral blood flow (rCBF) maps of the 
lateral surfaces of the left and right cerebral hemispheres of the Huntington’s disease (HD) and 
schizophrenia (SC) groups. The Wisconsin Card Sorting Test activation condition is shown. The 
color scale is keyed to adjusted values. NIMH indicates National Institute of Mental Health. 


Table 2.—Neuropsychological Results in the HD and SC Groups * 


Mean + SD 


———Á—Á—— Án t 
Patients With SC Patients With HD 





















































































WAIS-R 
Full-scale IQ 86.9 + 9.8 81.8 + 15.3 
Verbal 33.3 + 10.4 i 29.9 + 9.7 
Perceptual organization | 17.9 + 5.6 12.4 + 6.0t 
Memory quotient 80.8 + 19.4 78.5 + 16.4 
Stories 3 42 + 39 44 * 24 
Visual reproduction 9.2 + 2.6 45+ 3.41 
Paired associate, easy 19.5. xt 4.5 13.9 + 2.5 
Paired associate, hard 7.0 + 3.8 2.2 + 2.8 

WCST . 
Responses, No. 68.6 + 20.5 81.5 + 17.5 
Perseverative errors, 95 31.9 + 23.4 32.5 + 16.3 
Categories, No. 1.8+ 2.2 *t6 $19 
Correct, No. 33.5 + 15.2 39.2 + 14.6 





* HD indicates Huntington's disease; SC, schizophrenia; WAIS-R, Wechsler Adult Intelligence Scales-revised; 
and WCST, Wisconsin Card Sorting Test. 

tPatients with HD significantly differed from patients with SC at P < .05. 

Patients with HD significantly differed from patients with SC at P < .01. 


tients with SC. Since parietal degen- 
eration is not a neuropathological cor- 
relate of HD, the mechanism of this 
reduction is obscure. Whether the 
visuospatial deficit in patients with 
HD relates to the parietal rCBF re- 
sults, or is due to a pathological condi- 
tion of the caudate nucleus itself, is 
also unclear. As noted, parietal rCBF 
did not predict visuospatial neuropsy- 
chological deficits in the patients with 
HD. 


iting the frontal lobe, wherein intrin- 
sic processing may be normal or near 
normal if the severity of the disease is 
not great. This state may be conceived 
as a cortical-caudate disconnection. 
Thus, in the present study, poor per- 
formance occurred despite cortical ac- 
tivation. However, rather than exhib- 
iting an increased rCBF as was the 
case in the prefrontal cortex, rCBF in 
the parietal cortex of patients with HD 
was diminished relative to that in pa- 
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The rCBF pattern, displayed by the 
SC group, is similar to that which has 
been noted in several prior studies.” It 
is thought to reflect a diminished acti- 
vation in the prefrontal cortex when a 
frontally specific cognitive load is im- 
posed. Such “hypofrontality” has been 
associated with a poor WCST 
performance.” There is indirect but 
suggestive evidence that hypofrontal- 
ity during activation may be related to 
functional deafferentation in cortical 
dopaminergic pathways." ** How- 
ever, there is no direct evidence for di- 
minished dopaminergic function in the 
prefrontal cortex of patients with SC. 
A relatively normal parietal rCBF in 
SC may be consistent with a relatively 
intact capacity for visuospatial pro- 
cessing. 

It is worth noting that the rCBF dif- 
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ferences between the patients with HD 
and SC were not apparent during the 
resting state, but only became obvious 
when the rCBF was determined during 
cognitive activation. We have observed 
this in a number of studies of other 
neuropsychiatric conditions.!9?4^ We 
believe that these results underscore 
the power of studying the rCBF while 
patients have a cognitive load imposed 
on them. It should also be noted that 
the rCBF technique that we used is 
limited in its measurements to super- 
ficial cortical gray matter. Thus, we 
were unable to examine possible dif- 
ferences in the subcortical rCBF be- 
tween the groups. The differences in 
the activity of the subcortical struc- 
tures might also be important sources 
of variation between the groups. 

The design of this study involved 
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management plan 


More Than 

a Prescription 

As you know, it takes 
more than a prescription 
to manage Parkinson's 
disease. An individualized 
lifestyle modification program — 
encompassing diet, exercise and 
day-to-day coping strategies — is often bene- 
ficial to the patient. 


A Total Treatment Strategy 

That's why Sandoz is bringing you PATH". A 
comprehensive new program that expands ther- 
apy beyond drug treatment, PATH is the route 
to better management of Parkinson's disease. 


Developed in conjunction with national 
Parkinson's disease associations and Parkinson's 
disease specialists, PATH involves patient, family, 
pharmacist and physician in a total treatment 
strategy. 


The PATH Program puts you and your patients 
in touch with the latest information on symptom 
control and living with symptoms. It serves as a 
useful adjunct to your clinical management and 
provides a dependable additional source of 
information for your patients and their families. 


,Ilome/ Office Video Program 


4 


PATH begins with a videotape that describes 

the program and reviews current approaches to 
living with Parkinson’s symptoms. It can be made 
available to your patients for home or office use. 


Regular Direct-to-Patient Mailings 

Patients receive regular PATH mailings contain- 

ing practical tips on day-to-day living with 

Parkinson’s symptoms. Topics include: 

B Coming to terms with Parkinson's disease 

B How to reduce stress and associated 
symptoms 

W How to deal with social issues raised by 
chronic disease 

B How to achieve good nutritional status 

B Improving symptoms through exercise 


for every 
Parkinson's 
patient 


Cliniscan" 

The Cliniscan" Program 
is a unique personal- 
ized assessment pro- 

gram, available to 

qualified patients. 

Cliniscan™ provides your 

patients with specific recom- 

mendations for making helpful changes in their 
lifestyles. It also helps you monitor patient 

progress and provides you with the latest infor- 
mation on the treatment of Parkinson's disease. 


Quarterly questionnaires detailing the impact of 
Parkinson's symptoms on daily activities are 
completed by patients and their families. Their 
responses generate specific non-pharmacologic 
recommendations based on input from a board 
of Parkinson's disease specialists. These are for- 
warded first to you and then to your patients. 


Enroll Your Patients Today! 
For further information, including patient enroll- 


ment forms, just fill in this coupon and return it 
to: PATH, P.O. Box 220, Hawthorne, NJ 07507. 


Or call toll free 1-800-874-PATH. 
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Because it takes more than a prescription 
to manage Parkinson’s disease 


Please provide PATH patient enrollment forms 
and information to: 


(please print) 
Address 
City State Zip 


A Complimentary Service of 
SANDOZPHARMACEUTICALS 
Corporation, E. Hanover, NJ 07936 (201) 503-7500 

© 1989 Sandoz Pharmaceuticals Corporation 
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A Symposium/Hands-On Workshop for The Department of Neurosurgery 
Neurosurgeons, Plastic, ENT, Craniofacial University of Cincinnati Medical Center 
and Maxillofacial Surgeons in affiliation with 
; Good Samaritan Hospital 
"Modern Dissection Techniques of Christ Hospital 
Bone, Biometals, Bioceramicsand Bioplastics" Mayfield Neurological Institute 
(Neuro 700)* and MIDAS REX" Institute 


COURSE DIRECTORS: John M. Tew, Jr., M.D.; Susan Mitchell, Ed.D.; Richard Coup, Ed.D. 


+ SYMPOSIUM FORMAT: Workshops: 7:30 a.m. -1:30 p.m. each | The Westin Hotel at Fountain Square 
day, with emphasis on hands-on exercises utilizing appropriate Cincinnati, OH 45202-3160 
animal bones, skeletal bones, bioplastics, and biometals for 51 3-621 -7700 
dissection in the cranium and spine. 

- ENROLLMENT IS LIMITED. Please call before sending check or making travel plans. All enrollments made 
through the MIDAS REX office in Fort Worth, Texas, U.S.A. 

+ ENROLLMENT FEE: (U.S.$): Surgeon $965.00; Fellow/Resident $585.00 (with letter from Department Head); All 
Operating Room Personnel (RN/CST/PA/Other) $250.00. 

Make check to "Cincinnati Symposium." 
Mail to: MIDAS REX Institute, 2929 Race Street, Fort Worth, TX 76111, U.S.A. 
Phone: 817-831-2604. FAX: 817- 838-2384. 
*An Orthopaedic Symposium will be conducted simultaneously in a separate room. 
Hospitality and some lectures will be combined. 
Join the more than 8,000 enrollees who have completed MIDAS REX Hands-On Workshops. 






S E ATT L E Tae an additional location for MIDAS REX'M Institute 
C HANDS-ON WORKSHOPS* 
547 Industry Drive, Tukwila, WA NL, 


"Modern Dissection Techniques of Bone, Blometals, Bloceramics, and Bloplastics" 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700)—dissection skills for bonework of the head and spine, including attention to bioplastics 
and biometals as applicable. 


OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power instru- 
mentation; and participation in problem solving, care and proper maintenance of power equipment. 


Neuro 700 —MAY 14-15-16 * JUNE 25-26-27 * JULY 9-10-11* AUGUST 20-21-22 
ORP 700—JUNE 14-15-16 












ENROLLMENT: Fee (US$): Surgeon $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Seattle Symposium." 
Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 


*Enrollment is limited. Please call to reserve space before sending check or arranging 
travel plans. All enrollments-are made through the Midas Rex office in Fort Worth. 
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Announcing 
a break with 
tradition... 





DEPAKOTE” 


SPRINKLE CAPSULES 125 mg 


An innovation 
in anticonvulsant 
dosage technology 
All the advantages of 


Depakote’ Tablets in an innovative 
pediatric dosage form 


Formulated for consistent performance 


e Therapeutically equivalent with Depakote’ Tablets* 
e Dose-to-dose consistency unaffected by food* 
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MEAN VALPROATE PLASMA CONCENTRATIONS FOLLOWING REPEATED DOSE 
ADMINISTRATION IN NORMAL SUBJECTS (N—11)' 


Formulated for better taste and acceptance 
e Overcomes the limitations of Depakene" (valproic acid) Syrup 
e Better gastrointestinal tolerance 
e Detter patient compliance 
—Eliminates unpleasant taste 
— Improves convenience 
—Makes midday dosing easier 
e Less expensive than Depakene Syrup 





Sprinkles on any soft food to make taking an anticonvulsant as easy as eating a snack. 


Switch your patients to 


New! 


DEPAKOTE:!/» 


| SPRINKLE CAPSULES 125 mg 


Please see adjoining page for full prescribing information, including reported 
side effects of Depakote* and the warning concerning hepatotoxicity and the 
necessity for monitoring liver function. Please also see Clinical Pharmacology 
section for details on switching patients from Depakene to Depakote Sprinkle 
therapy. 

“Carrigan PJ, Brinker DR, Lamm JE, Cavanaugh JH, Cloyd JC: Divalproex sodium: Evaluation of a multi- 
particulate ("sprinkle" capsule) pediatric dosage form. Neurology 1987;37 (suppl 1):96. 

tCarrigan PJ, Brinker DR, Lamm JE, Cavanaugh JH, Cloyd JC Divalproex sodium: Evaluation of a 
multiparticulate ("sprinkle" capsule) pediatric dosage form. Presented at the American Academy of 
Neurology Annual Meeting, New York, April 1987, Poster No. 60 

1Cloyd JC, Kriel RL, Ong B, et al: Valproate absorption and patient acceptance of divalproex sodium- 

coated particles (sprinkle) in children with epilepsy. Epilepsia 1987,28(5):10 
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DEPAKOTE! Sprinkle Ca sules 


DIVALPROEX SODIUM D PARTICLES IN 


DEPAKOTE: Tablets 


DIVALPROEX SODIUM DELAYED-RELEASE TABLETS. 


WARNING: 

HEPATIC FAILURE RESULTING IN FATALITIES HAS OCCURRED IN PATIENTS RECEIVING VALPROIC ACID AND ITS DERIVATIVES 
EXPERIENCE HAS INDICATED THAT CHILDREN UNDER THE AGE OF TWO YEARS ARE AT A CONSIDERABLY INCREASED RISK OF 
DEVELOPING FATAL HEPATOTOXICITY, ESPECIALLY THOSE ON MULTIPLE ANTICONVULSANTS. THOSE WITH CONGENITAL METABOLIC 
DISORDERS, THOSE WITH SEVERE SEIZURE DISORDERS ACCOMPANIED BY MENTAL RETARDATION. AND THOSE WITH ORGANIC 
BRAIN DISEASE WHEN DEPAKOTE IS USED IN THIS PATIENT GROUP. IT SHOULD BE USED WITH EXTREME CAUTION AND AS A SOLE 
AGENT. THE BENEFITS OF SEIZURE CONTROL SHOULD BE WEIGHED AGAINST THE RISKS. ABOVE THIS AGE GROUP. EXPERIENCE HAS 


INDICATED THAT THE INCIDENCE OF FATAL HEPATOTOXICITY DECREASES CONSIDERABLY IN PROGRESSIVELY OLDER PATIENT 
THESE INCIDENTS USUALLY HAVE OCCURRED DURING THE FIRST SIX MONTHS OF TREATMENT SERIOUS OR FATAL 


HEPATOTOXICITY MAY BE PRECEDED BY NON-SPECIFIC SYMPTOMS SUCH AS LOSS OF SEIZURE CONTROL, MALAISE, WEAKNESS. 
LETHARGY. FACIAL EDEMA, ANOREXIA AND VOMITING PATIENTS SHOULD BE MONITORED CLOSELY FOR APPEARANCE OF THESE 
SYMPTOMS. LIVER FUNCTION TESTS SHOULD BE PERFORMED PRIOR TO THERAPY AND AT FREQUENT INTERVALS THEREAFTER. 
ESPECIALLY DURING THE FIRST SIX MONTHS. 





DESCRIPTION 
Divalproex sodium is a stable co-ordination compound comprised of sodium valproate and valproic acid in a 11 molar relationship and 
formed during the partial neutralization of valproic acid with 0.5 equivalent of sodium hydroxide. Chemically it is designated as sodium 
hydrogen bis(2-propylpentanoate ) 
Divalproex sodium occurs as a while powder with a characteristic odor 

DEPAKOTE tablets and Sprinkle capsules are antiepileptics for oral administration. DEPAKOTE Sprinkle capsules contain specially coated 
particles of divalproex sodium equivalent to 125 mg of valproic acid in a hard gelatin capsule. DEPAKOTE tablets are supplied in three dosage 
strengths containing divalproex sodium equivalent to 125 mg, 250 mg or 500 mg of valproic acid 


Inactive Ingredients 
125 mg Sprinkle capsules. cellulosic polymers, D&C Red No 28, FD&C Blue No 1, gelatin, iron oxide, magnesium stearate. silica gel. 
titanium dioxide and triethyl citrate 

DEPAKOTE tablets cellulosic polymers, diacetylated monoglycerides, povidone, pregelatinized starch (contains corn starch) silica gel. talc. 
Titanium dioxide and vanillin 

In addition, individual tablets contain 

125 mg tablets FD&C Blue No 1 and FD&C Red No 40 

250 mg tablets FD&C Yellow No 6 and iron oxide 

500 mg tablets D&C Red No. 30. FD&C Blue No 2 and iron oxide 


CLINICAL PHARMACOLOGY 

Divalproex sodium is an antiepileptic agent which dissociates to the valproate ion in the gastrointestinal tract The mechanism by which 
valproate exerts its antiepileptic effects has not been established. It has been suggested that its activity 1s related to increased brain levels of 
gamma-aminobutyric acid (GABA) 

Equivalent oral doses of DEPAKOTE (divalproex sodium) products and DEPAKENE (valproic acid) capsules deliver equivalent quantities ot 
valproate ion systemically However, the rate of valproate ion absorption may vary with the conditions of use (e.g . fasting or postprandial) 
and the method of administration (e g., whether the contents of the capsule are sprinkled on food or the capsule is taken intact) 

When subjects are in a fasting slate. peak plasma concentrations of valproate ion are observed approximately 3 to 4 hours following 
administration of all DEPAKOTE products 

Enean indicate that feeding can influence the rate of systemic absorption of valproate. In studies in which the contents of DEPAKOTE 
(divalproex sodium) Sprinkle capsules were sprinkled on applesauce, feeding was found to delay the time to peak plasma concentration by 
approximately ours. 

Compared to DEPAKOTE tablets, however, DEPAKOTE Sprinkle capsiles (i the Testo state) exhibit a slower rate of absorption, resulting 
in lower peak plasma concentration (i.e , fluctuations between minimum and maximum plasma valproate concentrations are attenuated) 

While absorption rate from the GI tract and fluctuation in valproate plasma concentrations vary with dosing regimen and formulation, the 
efficacy of valproate in chronic use is not affected Experience employing dosing regimens from once-a-day to four-times-a-day. as well as 
Studies in primate epilepsy models involving constant rate infusion, indicate that total daily aysietThe bioavailability (extent of absorption) is 
the primary determinant of seizure control and that differences in the ratios of plasma peak to trough concentrations between valproate 
formulations are inconsequential from a practi clinical standpoint 

Accordingly, coadministration of oral valproate products with food, and substitution among the various DEPAKOTE and DEPAKENE 
formulations should cause no clinical problems (see DOSAGE AND ADMINISTRATION) Nonetheless, any changes in dosage administration 
or the addition or discontinuance of concomitant drugs. should ordinarily be accompanied by close monitoring of clinical status and 
valproate plasma concentrations 

he plasma half-life of valproate is typically in the range of six to sixteen hours Halt-lives in the lower part of the range are usually found 
in patients taking other antiepileptic drugs capable of enzyme induction 

alproate is primarie metabolized in the liver The major metabolic routes are glucuronidation, mitochondrial beta oxidation, and 
microsomal oxidation The major metabolites formed are the glucuronide conjugate, 2-propyl-3-keto-pentanoic acid, and 2-propyl- 
hydroxypentanoic acids Other unsaturated metabolites have been reported The major route of elimination of these metabolites is in the 
urine 

Patients on monotherapy will generally have longer half-lives and higher concentrations of valproate at à given dosage than patients 
receiving polytherapy This is primarily due to enzyme induction caused by other saiepilaalics, which results in enhanced clearance of 
valproate by glucuronidation and microsomal oxidation. Because of these changes in va preste clearance. monitoring of antiepileptic 
concentrations should be intensified whenever concomitant antiepileptics are introduced or withdrawn 

The therapeutic range is commonly considered to be 50 to 100 mcg/ml! of total valproate although some patients may be controlled with 
plasma concentrations that fall outside this range. Valproate is highly bound (90%) to plasma proteins in the therapeutic range, however, 
protein binding is concentration-dependent and decreases at high valproate concentrations The binding Is variable among patients, and may 

ee affected by fatty acids or by highly bound drugs such as salicylate Some clinicians favor monitoring free valproate concentrations, whicl 
may more accurately reflect CNS penetration of valproate As yet. à consensus on the therapeutic range of tree concentrations has not been 
established, however. monitoring total and free valproate may be informative when there are changes in clinical status, concomitant 
medication or valproate dosage 


INDICATIONS AND USAGE 
DEPAKOTE (divalproex sodium) is indicated for use as sole and adjunctive therapy in the treatment of simple and complex absence seizures, 
and adjunctively in patients with multiple seizure types that include absence seizures 

Simple absence is defined as very brief clouding of the sensorium or loss of consciousness, accompanied by certain generalized epileptic 
discharges without other detectable clinical signs. Complex absence is the term used when other signs are also present 

SEE WARNINGS FOR STATEMENT REGARDING FATAL HEPATIC DYSFUNCTION 


CONTRAINDICATIONS . 
DIVALPROEX SODIUM SHOULD NOT BE ADMINISTERED TO PATIENTS WITH HEPATIC DISEASE OR SIGNIFICANT DYSFUNCTION 
Divalproex sodium is contraindicated in patients with known hypersensitivity to the drug 





es has occurred in patients receiving valproic acid. These incidents usually have occurred during the 
first six months o! treatment. Serious or fatal hepatotoxicity may be preceded by nons; 
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The drug should be discontinued immediately in the presence of gnam hepatic dysfunction, suspected or apparent. In some 
cases, hepatic dysfunction has progressed in spite of discontinuation of Y 

The frequency of adverse effects (particularly elevated liver enzymes) may be dose-related. The benefit of improved seizure control which 
may accompany the higher doses should therefore be weighed against the possibility of a greater incidence of adverse effects. 

Usa je in Pregnancy: ACCORDING TO PUBLISHED AND UNPUBLISHED REPORTS, VALPROIC ACID MAY PRODUCE TERATOGENIC 
EFFECTS IN THE OFFSPRING OF HUMAN FEMALES RECEIVING THE DRUG DURING PREGNANCY 

THERE ARE MULTIPLE REPORTS IN THE CLINICAL LITERATURE WHICH INDICATE THAT THE USE OF ANTIEPILEPTIC DRUGS DURING 
PREGNANCY RESULTS IN AN INCREASED INCIDENCE OF BIRTH DEFECTS IN THE OFFSPRING ALTHOUGH DATA ARE MORE EXTENSIVE 
WITH RESPECT TO TRIMETHADIONE, PARAMETHADIONE. PHENYTOIN, AND PHENOBARBITAL REPORTS INDICATE A POSSIBLE SIMILAR 
ASSOCIATION WITH THE USE OF OTHER ANTIEPILEPTIC DRUGS. THEREFORE. ANTIEPILEPTIC DRUGS SHOULD BE ADMINISTERED TO 
WOMEN OF CHILDBEARING POTENTIAL ONLY IF THEY ARE CLEARLY SHOWN TO BE ESSENTIAL IN THE MANAGEMENT OF THEIR 


SEIZURES. 

THE INCIDENCE OF NEURAL TUBE DEFECTS IN THE FETUS MAY BE INCREASED IN MOTHERS RECEIVING VALPROATE DURING THE 
FIRST TRIMESTER OF PREGNANCY THE CENTERS FOR DISEASE CONTROL (CDC) HAS FSTIMATED THE RISK OF VALPROIC ACID 
EXPOSED WOMEN HAVING CHILDREN WITH SPINA BIFIDA TO BE APPROXIMATELY 1 TO 2% ! THIS RISK IS SIMILAR TO THAT FOR NON- 
EPILEPTIC WOMEN WHO HAVE HAO CHILDREN WITH NEURAL TUBE DEFECTS (ANENCEPHALY AND SPINA BIFIDA) 

ANIMAL STUDIES ALSO HAVE DEMONSTRATED VALPROATE INDUCED TERATOGENICITY. Studies in rats and human females 
demonstrated placental transfer of the drug Doses greater than 65 mg/kg/day given to pregnant rats and mice produced skeletal 
abnormalities in the offspring, primarily involving ribs and vertebrae, doses greater than 150 ma/ka/day given to pregnant rabbits produced 
fetal resorptions and (primarily) soft-tissue abnormalities in the offspring. In rats a dose-related delay in the onset of parturition was noted. 
Postnatal grovel and survival of the progeny were adversely affected. particularly when drug administration spanned the entire gestation and 
early lactation period 

Ahtiepileptic drugs should not be discontinued in patients in whom the drug is administered to prevent major seizures because of the 
strong possibility of precipitating status Ld tse with attendant hypoxia and threat to life. In individual cases where the severity and 
frequency of the seizure disorder are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the 
drug may be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor seizures do not pose 
some hazard to the developing embryo or fetus 

The prescribing physician will wish to weigh these considerations in treating or counseling epileptic women of childbearing potential 


PRECAUTIONS 
Hepatic Dysfunction: See BOXED WARNING, CONTRAINDICATIONS AND WARNINGS 

General Because of reports of thrombocytopenia, inhibition of the secondary phase of platelet aggregation. and abnormal coagulation 
arameters, platelet counts and coagulation tests are recommended before initiating therapy and at periodic intervals. |t is recommended 
hat patients receiving DEPAKOTE (divalproex sodium) be monitored for ae count and coagulation paramens prior to planned surgery. 
Evidence of hemorrhage. bruising or a disorder of hemostasis/coagulalion is an indication for reduction of the dosage or withdrawal of 
thera 

yperammonemia with or without uy or coma has been reported and may be present in the absence of abnormal liver function tests 
It clinically significant elevation occurs, DEI KKOTE products should be discontinued 

Since valproate may interact with concurrently administered antiepileptic drugs periodic plasma concentration determinations of 





AN INNOVATION 
IN ANTICONVULSANT 
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concomitant gea drugs are recommended during the early course of therapy. (See DRUG INTERACTIONS) 
Valproate is partially eliminated in the urine as a keto- metabolite which may lead fo a false interpretation of the urine ketone test 
There have been reports of altered toid function tests associated with valproate. The clinical significance of these is unknown. 
Information for Patients: Since DEPAKOTE products may produce CNS depression, especially when combined with another CNS 
depressant (e.g., icono patients should be advised not to engage in hazardous activities, such as driving an automobile or operating 
dangerous machinery, until it is known that they do not become drowsy from the dru 
rug Interactions: Valproate may potentiate the CNS depressant activity of alcohol 
The concomitant administration of valproate with drugs that exhibit extensive protein binding (e g.. aspirin. carbamazepine, dicumarol and 
PPTRERE IS EVIDENCE THAT VALPROATE CAN CAUSE AN INCREASE IN SERUM RB 
ASE II UM PHENOBARBITAL CONCENTRATIONS BY IMPAIRMENT OF 
NONRENAL CLEARANCE. THIS PHENOMENON CAN RESULT IN SEVERE CNS DEPRESSION. THE COMBINATION OF VALPROATE AND 
PHENOBARBITAL HAS ALSO BEEN REPORTED TO PRODUCE CNS DEPRESSION WITHOUT SIGNIFICANT ELEVATIONS OF BARBITURATE 
Eres GOREN LaF EAA RS OLS Btn WES A 
UL NED, IF POSSIBLE, AND THE 
BARBITURATE DOSAGE DECREASED, IF APPROPRIATE "E 
Primidone is metabolized to a barbiturate and, therefore, Tat also be involved in a similar or identical interaction 
THERE HAVE BEEN REPORTS OF BREAKTHROUGH SEIZURES OCCURRING WITH THE COMBINATION OF VALPROATE AND PHENYTOIN 
MOST REPORTS HAVE NOTED A DECREASE IN TOTAL PLASMA PHENYTOIN CONCENTRATION. HOWEVER, INCREASES IN TOTAL 
PHENYTOIN SERUM CONCENTRATION HAVE BEEN REPORTED. AN INITIAL FALL WITH SUBSEQUENT INCREASE IN TOTAL PHENYTOIN 
CONCENTRATIONS HAS ALSO BEEN REPORTED. IN ADDITION, A DECREASE IN TOTAL SERUM PHENYTOIN WITH AN INCREASE IN THE 
FREE VS. PROTEIN BOUND PHENYTOIN CONCENTRATIONS HAS BEEN REPORTED. THE DOSAGE OF PHENYTOIN SHOULD BE ADJUSTED 
AS REQUIRED BY THE CLINICAL SITUATION 
THE CONCOMITANT USE OF VALPROIC ACID AND CLONAZEPAM MAY PRODUCE ABSENCE STATUS 
There is inconclusive evidence regarding the effect of valproate on serum ethosuximide concentrations. Patients receiving valproate and 
ethosuximide, especially eaog win Other anticonvulsants, should be monitored for alterations in serum concentrations cf both drugs 
Caution is recommended when valproate is used with drugs affecting coagulation (e.g.. aspinn, warfarin) See ADVERSE REACTIONS 
Evidence suggests that there is an association between the use of certain antiepileptics and failure of oral contraceptives. One explanation 
tor this interaction is that enzyme-inducing antiepileptics effectively lower plasma concentrations of the relevant steroid hormones, resulting 
in unimpaired ovulation. However, other mechanisms, not related to enzyme induction, may contribute to the failure of oral contraceptives 
While valproate is not a significant enzyme inducer, and, therefore, would not be expected to decrease concentrations of steroid hormones. 
clinical data about the interaction of valproate with oral contraceptives is minimal 
Carcinogenesis: Valproic acid was administered to Sprague Dawley rats and ICR (HA/ICR) mice at doses of 0, 80 and 170 mg/kg/day for 
two years. A variety of neoplasms were observed in both species. The chief findings were a statistically significant increase in the incidence 
ot subcutaneous fibrosarcomas in high dose male rats receiving valproic acid and a statistically significant dose-related trend for benign 
pulmonary adenomas in male mice receiving valproic acid. The significance of these findings for humans is unknown 
Mutagenesis: Studies on valproate have been performed using bacterial and mammalian systems These studies have provided no 
evidence of a mutagenic potential for valproate 
Fertility; Chronic totun studies in juvenile and adult rats and dogs demonstrated reduced spermatogenesis and testicular atrophy at 
doses greater than 200 mg/kg/day in rats and greater than 90 maga in dogs. Seaman T fertility studies in rats have shown doses up to 
350 mg/kg/day tor 60 e to have no effect on fertility THE EFFECT OF VALPROATE ON TESTICULAR DEVELOPMENT AND ON SPERM 
PRODUCTION AND FERTILITY IN HUMANS IS UNKNO! 
Pregnancy. Pregnancy Galego D See WARNINGS. 
Nursing Mothers: Valproate is excreted in breast milk. Concentrations in breast milk have been reported to be 1-10% of serum 
concentrations. It i$ not known what effect this would have on a nursing infant Caution should be exercised when divalproex sodium is 
administered to a nursing woman 


ADVERSE REACTIONS 
Since divalproex sodium has usually been used with other antiepileptic drugs, it is not possible, in most cases, to determine whether the 
following adverse reactions can be ascribed to divalproex sodium alone, or the combination 0f drugs 

Gastrointestinal’ The most commonly reported side effects at the initiation of therapy are nausea, vomiting and indigestion These etfects 
are usually transient and rarely require discontinuation of therapy. Diarrhea, abdominal cramps and constipation have been reported Both 
anorexia with some weight loss and increased appetite with weight gain have also beeg reported. The administration of delayed-release 
bog? sodium may result in reduction of gastrointestinal side effects in some patients. 

CNS Effects: Sedative effects have occurred in patients receiving valproate alone but occur most often in patients receiving combination 
therapy Sedation usually abates upon reduction of other antiepileptic medication Tremor (may be dose-related), ataxia, headache 
nystagmus, diplopia, asterixis. "spots before eyes,” Geert. dizziness and incoordination Rare cases of coma have occurred in patients 
receiving valproate alone or in conjunction with phenobarbital 

Dermatologic. Transient hair loss, skin rash, photosensitivity, generalized pruritus and erythema multforme A case of fatal epidermal 
necrolysis has been reported in a 6 month old infant taking valproate and several other concomitant medications. 4 

Psychiatric. Emotional upset, depression, psychosis, aggression, hyperactivity and behavioral deterioration. 

Musculoskeletal) Weakness 

elt us Thrombocytopenia and inhibition of the secondary phase of platelet agarepation may be reflected in altered bleeding time. 
pesene ruising, hematoma formation and frank hemorrhage (see PRECAUTII - General and Drug Interactions) Relative 
lymphocytosis, hypofibrinogenemia, leukopenia, eosinophilia, anemia and bone marrow suppression 

epatic: Minor elevations of transaminases (e.g., SGOT and SGPT) and LOH are Iesum. and appear to be dose related Occasionally 
laboratory test results include increases in serum bilirubin and abnormal changes in other liver function tests, These results may reflect 
potentially serious hepatotoxicity (see WARNINGS) 

Endocrine. leg lar menses, secondary amenorrhea, breast enlargement, galactorrhea and parotid gland swelling Abnormal thyroid 
function tests (see PRECAUTIONS) 

Pancreatic’ Acute pancreatitis (including rare fatal cases) 

Metabolic. Hyperammonemia (see PRECAUTIONS) 

Hy paral yeinennig has occurred and was associated with a fatal outcome in a patient with preexistent nonketotic hyperglycinemia 
ther Edema of the extremities, 


OVERDOSAGE 
Overdosage with valproate may result in deep coma 

The benefit of gastric lavage or emesis will vary with the time since ingestion General supportive measures should be applied with 
particular attention to the maintenance of adequate urinary output 

Naloxone has been reported to reverse the CNS depressant effects of valproate overdosage Because naloxone could theoretically also 
reverse the antiepileptic effects of valproate, it should be used with caution 


DOSAGE AND ADMINISTRATION 
DEPAKOTE tablets and Sprinkle capsules are administered orally. The recommended initial dose ıs 15 mg/kg/day, increasing at one week 
intervals by 5 to 10 mg/kg/day until seizures are controlled or side effects preclude further increases. The maximum recommended dosage is 
60 mg/kg/day. If the total daily dose exceeds 250 mg. it should be pien in a divided regimen 

Administration of Sprinkle Capsule. DEPAKOTE Sprinkle capsules may be swallowed whole or may be administered by carefully openin 
the capsule and sprinkling the entire contents on a small amount (teaspoontul) of soft food such as applesauce or pudding The drug/foo 
mixture should be swallowed immediately (avoid chewing) and not stored for future use. Each capsule is oversized to allow ease of opening 

Conversion from DEPAKENE to DEPAKOTE: n patients pnus receiving DEPAKENE (valproic acid) therapy, DEPAKOTE products 
should be initiated at the same daily dose and dosing schedy ie. After the patient is stabilized on a DEPAKOTE product, a dosing schedule of 
two or three times a day may be elected in selected patients 

DEPAKOTE products pravas equal extent of absorption, although they may net produce identical trough and peak valproate 
concentrations, DEPAKOTE tablets produce slightly higher peak concentrations than DEPAKOTE Sprinkle capsules Such differences in the 
maximum and minimum valproate plasma concentrations are unlikely to be of clinical significance, however changes in dosage 
administration of valproate or concomitant medications should be accompanied by increased monitoring of plasma concentrations of 
valproate and other medications, as well as the patient s clinical status 

he frequency of adverse effects (particularly elevated liver enzymes) may be dose-related. The benefit of improved seizure control with 
higher doses should be weighed against the possibility of a greater incidence of adverse reactions. 

‘A good correlation has not been established between daily dose, serum concentration and therapeutic effect. However, therapeutic 
valproate serum concentrations for most patients will range from 50 to 100 mcg/ml. Some patients may be controlled with lower or higher a 
serum concentrations (see CLINICAL PHARMACOLOGY) 
je ihe DER AKOTE dosage is titrated upward, blood concentrations of phenobarbital and/or phenytoin may be affected. (See 

AAUTIONS) 

Patients who experience G. | irritation may benefit from administration of the drug with tood or by slowly building up the dose from an 
initial low level 
HOW SUPPLIED 
DEPAKOTE Sprinkle capsules (divalproex sodium goated particles in capsules) 125 mg, are white opaque and blue, and are supplied in 
bottles of 100 (NDC 0074-6114-13) and Abbo-Pac® unit dose packages of 100 (NDC 00 -6114-11) 

DEPAKOTE tablets (divalproex sodium delayed-release tablets) are supplied as 

125 mg salmon pink-colored tablets 

Bottles of 100 

Abo -Pac® unit dose packages ot 


(NDC 0074-6212-13) 
(NDC 0074-6212-11) 


(NDC 0074-6214-13) 
(NDC 0074-6214-53) 


(NDC 0074-6214-11) 


NDC 0074-6215-13) 
NDC 0074-6215-53) 


(NDC 0074-6215-11) 


250 mg peach-colored tablets 
Bottles of 100 

Bottles of 500 

Anbo-Pac® unit dose package of 


500 mg lavender-colored tablets 
Bottles of 100 

Bottles of 500 

Apbo-Pac® unit dose packages o! 


Store capsules below 86°F (30°C) 
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Late Recovery of Auditory Comprehension in Global Aphasia 


Improved Recovery Observed With Subcortical Temporal 


Isthmus Lesion vs Wernicke’s Cortical Area Lesion 


Margaret A. Naeser, PhD; Ann Gaddie, MS; Carole L. Palumbo; Denise Stiassny-Eder, MS 


€ This study examined the relationship 
between recovery of auditory comprehen- 
sion in global aphasia patients after 1 year 
post onset, and temporal lobe lesion in 
Wernicke’s cortical area vs temporal lobe 
lesion in the subcortical temporal isthmus 
area. Computed tomographic scans and 
language behavior were examined in 14 
right-handed globally aphasic stroke pa- 
tients with lesion in the left hemisphere. 
Nine patients had large cortical/subcorti- 
cal frontal, parietal, and temporal lobe le- 
sion that included more than half of Wer- 
nicke’s cortical area (FPT cases). Five 
patients had large cortical/subcortical 
frontal and parietal lobe lesion, but only 
subcortical temporal lobe lesion, including 
the temporal isthmus (FPTi cases). All pa- 
tients were tested acutely at 1 to 4 months 
post onset and again at 1 to 2 years post 
onset. There was a significantly greater 
increase in the amount of recovery that 
had taken place after 1 to 2 years post on- 
set for the FPTi group vs the FPT group in 


Long-term aphasia recovery studies 

have observed that recovery of 
auditory language comprehension is 
superior to (and not related to) recov- 
ery of speech output.'^ Some studies 
have focused on specific time periods 
post onset when recovery occurs. 
Sarno and Levita’? have reported, for 
example, that a subset of global apha- 
sia patients demonstrated recovery in 
comprehension after the first 6 months 
following stroke onset. A review on 
auditory comprehension in aphasia 
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the overall Boston Diagnostic Aphasia Ex- 
amination (BDAE) Auditory Comprehen- 
sion Z score. In four of the five FPTi cases, 
the late BDAE Auditory Comprehension Z 
scores were above -0.5  (mild- 
to-moderate comprehension deficits). 
Most recovery was in single-word compre- 
hension. In eight of the nine FPT cases, the 
late BDAE Auditory Comprehension Z- 
scores were below —0.5 (moderate-to-se- 
vere comprehension deficits). There was 
no significant difference between the two 
groups in recovery of spontaneous 
speech, repetition, or naming, where se- 
vere deficits remained in most cases. 
Careful examination of the type of tempo- 
ral lobe lesion (cortical vs subcortical) ap- 
pears relevant for predicting potential for 
recovery of some auditory language com- 
prehension (especially single-word com- 
prehension) in some global aphasia pa- 
tients after 1 year post onset. 
(Arch Neurol. 1990;47:425-432) 


has been published by Riedel. 

Recent studies that have focused on 
computed tomographie (CT) scan le- 
sion sites and language comprehension 
have observed comprehension deficits 
to be particularly associated with le- 
Sion in either cortical or subcortical 
temporal lobe structures. This in- 
cludes Wernicke's cortical area, eg, 
the posterosuperior temporal gyrus 
area*!^'* and the subcortical temporal 
isthmus area.'*" 

The purpose of the present study 
was to examine the relationship be- 
tween recovery of auditory language 
comprehension in global aphasia pa- 
tients after 1 year post onset and pres- 
ence of temporal lobe lesion in Wer- 
nicke’s cortical area vs presence of 
temporal lobe lesion only in the sub- 
cortical temporal isthmus area. 


SUBJECTS AND METHODS 
Subjects and CT Scan Analysis 


In this retrospective study, CT scans and 
language behavior were examined in 14 
right-handed stroke patients (12 men and 
two women; age, 50 to 66 years) who had 
unilateral left hemisphere ischemic in- 


farcts. All patients had been tested a min- 
imum of twice with the Boston Diagnostic 
Aphasia Examination (BDAE).* Time 1 
(T1) testing ranged from 1 to 4 months post 
stroke onset (MPO). All patients had been 
classified as globally aphasic at T1 on the 
basis of the BDAE. All patients had BDAE 
Auditory Comprehension Z scores at T1 
that were below —1.0, ie, severe auditory 
comprehension deficits. Time 2 (T2) testing 
was approximately 1 to 2 years post stroke 
onset. 

All patients had CT scans that were ob- 
tained after 2 MPO (range, 2 to 110 MPO). 
The CT scans were performed at either the 
Boston (Mass) Veterans Administration 
Medical Center, using an Ohio Nuclear 
Delta 2060 CT scanner, or at the Palo Alto 
(Calif) Veterans Administration Medical 
Center, using a Syntex Systems 60 CT 
scanner. The CT scans were visually as- 
sessed for extent of lesion in the cortical 
and subcortical areas, as shown in Fig 1. 
This included major frontal, parietal, and 
temporal lobe areas as well as subcortical 
structures. 

Wernicke's cortical area (including im- 
mediately subjacent white matter) was de- 
fined as the posterior two thirds of the su- 
perior temporal gyrus area." This area 
was assessed for extent of lesion on two CT 
scan slices, slices B/W and W. The anterior 
half of Wernicke's area was located lateral 
to the maximum width of the third ventri- 
cle on slice B/W. This portion was likely to 
contain portions of Heschl's gyrus, because 
it is not possible to separate the primary 
auditory cortex area from the auditory as- 
sociation cortex area on CT scans. The pos- 
terior half of Wernicke's area was located 
anterior and lateral to the atrium portion of 
the occipital horn on slice W (Fig 1, slices 
B/W and W). 

The subcortical temporal isthmus area, 
containing afferent pathways from the me- 
dial geniculate body to Heschl's gyrus, was 
defined as the white matter that is inferior 
to the sylvian fissure/insular area and su- 
perior to the temporal horn (Fig 2). 
Nielsen" has described the following mea- 
surements of the small subcortical tempo- 
ral isthmus white matter area: "It mea- 
sures from 10 to 15 mm across and is in 
height nearly equal to that of the thala- 
mus. . . . The artery of supply of the isthmus 
is the anterior choroidal." In the present 
study, only the anterior half of the tempo- 
ral isthmus was evaluated for extent of le- 
sion in auditory pathways; the posterior 
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Fig 1.—Location of specific neuroanatomic areas on computed tomographic scan slices B, B/W, W, SM, and SM +1." 
B indicates Broca's area (Brodmann's area No. 45 on slice B, No. 44 on slice B/W); T, temporal lobe anterior-inferior to 
Wernicke's area on slice B; Ti, temporal isthmus; |, insular structures including insula, extreme capsule, claustrum, and 
external capsule; P, putamen; GP, globus pallidus; AL, anterior limb, internal capsule; PL, posterior limb, internal capsule; 
ScF, subcallosal fasciculus; C, caudate; W, Wernicke's area (Brodmann's area No. 22); Mot, motor cortex; PM, pre-mo- 
tor cortex; Sen, sensory cortex; A SMG, anterior supramarginal gyrus; P SMG, posterior supramarginal gyrus; Ang, an- 
gular gyrus; A %, anterior one third periventricular white matter; M %, middle one third periventricular white matter; and 
P %, posterior one third periventricular white matter. 


half of the temporal isthmus contains vi- 
sual pathways. The anterior half was as- 
sessed for extent of lesion on two CT scan 
slices, slices B and B/W. 

The extent of lesion within each area was 
visually assessed using the following scale: 
0, no lesion; 1, equivocal lesion; 2, small, 
patchy, partial lesion; 2.5, patchy lesion in 
less than half of the area; 3, lesion in half of 
the area; 3.5, patchy lesion in more than 
half of the area; 4, solid lesion in more than 
half of the area; and 5, solid lesion in the 
total area. A similar scale has been used in 
our previous studies where a reliability co- 
efficient of .93 was obtained. When a struc- 
ture was present on more than one CT scan 
slice, a mean extent of lesion for that struc- 
ture across slices was computed. 

On the basis of the CT scan analysis, the 
subjects were classified into two groups. 
Group 1 cases had cortical/subcortical le- 
sion in the frontal, parietal, and temporal 
lobes including Wernicke's cortical area. 
Each case in group 1 (n = 9) had lesion in at 
least half of Wernicke's cortical area (Table 
1). Group 1 cases are labeled FPT cases to 
reflect cortical lesion in the frontal, pari- 
etal, and temporal lobes. 

Group 2 cases (n = 5) had cortical/sub- 
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cortical lesion in the frontal and parietal 
lobes, but only subcortical lesion in the 
temporal lobe including the subcortical 
temporal isthmus area. Group 2 cases are 
labeled FPTi cases to reflect cortical lesion 
in the frontal and parietal lobes, but only 
subcortical temporal lobe lesion including 
the temporal isthmus (Ti). Three of the 
FPTi cases had small, patchy white matter 
lesion deep to Wernicke’s cortical area. 
These small white matter lesions were a 
lateral extension of the white matter lesion 
within the Ti. None of these cases had lesion 
that extended into the cortex of Wernicke’s 
area or the immediately subjacent white 
matter. 

Unpaired t tests were used to compare the 
mean extent of lesion between the two 
groups in the major cortical and subcortical 
areas. The P < .01 level was used as the 
minimum level for statistical significance. 
There were no significant differences be- 
tween the two groups in mean extent of le- 
sion for any of the frontal, parietal, or sub- 
cortieal areas shown in Fig 1. 

There was no overlap between the two 
groups in mean extent of lesion in Wer- 
nicke's cortical area. The FPT group had 
mean lesion extent values in Wernicke's 


area that ranged from 3.1 to 5, ie, lesion in 
greater than half of, to complete solid lesion 
in, Wernicke's area. The FPTi group had 
mean lesion extent values in Wernicke's 
area that ranged from 0 to 2, ie, no lesion, 
or only small, patchy, partial lesion, in 
Wernicke's area; none of the FPTi cases had 
lesion in the cortex of Wernicke's area. All 
FPT cases had lesion in greater than half of 
Wernicke's cortical area as well as lesion in 
greater than half of the Ti (mean range, 3.8 
to 5). All FPTi cases had lesion in almost 
half of the Ti, to almost total solid lesion in 
the Ti (mean range, 2.75 to 4.95). There was 
no significant difference between the two 
groups in mean extent of lesion in the sub- 
cortical temporal isthmus area (FPT cases: 
mean, 4.8; SD = 0.4) (FPTi cases: mean, 4.1; 
SD = 0.9). 

In summary, both groups had similar 
mean lesion extent values in frontal and 
parietal and subcortical areas, including 
the subcortical Ti area. All cases in the FPT 
group had lesion in more than half of Wer- 
nicke's cortical area; none of the casesin the 
FPTi group had cortical lesion in Wer- 
nicke's area. 

There was no significant difference in age 
at stroke onset between the two groups 
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(FPT group: mean, 58.2 years; SD = 4.2) 
(FPTi group: mean, 57.8 years; SD = 5.0). 
Each group had one woman. There were no 
significant differences between the two Genu of Corpus Callosum 
groups in terms of MPO when T1 or T2 
testing was performed (Table 1). 

The CT scan hemispheric asymmetries 
were measured in each group in order to à TARE Head of Caudate Nucleus 
assess the possible increased potential for i 
recovery of single-word comprehension, 
repetition, and naming in cases with re- N n y Antorior Umb of 
versed, right occipital asymmetry.” There m internal Capsule 
were only three cases in group 1, and only X 
one case in group 2, with reversed, right oc- 
cipital asymmetry. Thus, the possible effect 
of reversed occipital asymmetries could not 
be studied. 


Globus Pallidus 


RESULTS 


There was a significantly greater in- 
crease (P < .01) in the amount of re- 


Auditory Radiations Third Ventricle 


covery that had taken place from T1 to Temporal Isthmus 

T2 for the FPTi group vs the FPT Optic Radiations 

group in overall BDAE Auditory Com- 

prehension Z score. The mean change Temporal Horn ? 

from T1 to T2 for the FPTi group was Quadrigeminal Cistern 


+1.58. The mean change from T1 to T2 Nucleus of Lateral 
for the FPT group was only +0.65 (Ta- Geniculate Body 
ble 1). In four of the five FPTi cases, the 
T2 BDAE Auditory Comprehension Z 
scores were above —0.5. In eight of the 
nine FPT cases, the T2 BDAE Audi- 
tory Comprehension Z scores were be- 
low —0.5. In only one of the nine FPT 
cases was the T2 BDAE Auditory Com- Fig 2.— Schematic drawing of computed tomographic scan slice B/W (left hemisphere) showing 
prehension Z score above —0.5 (Fig 3). location of the auditory radiations within the anterior half of the temporal isthmus (Ti). The Ti is 
Thus, most global aphasia cases with located in the white matter inferior to the sylvian fissure and superior to the temporal horn. 
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Months Post Auditory Comprehension Phrase Length Repetition Naming 
Mean Lesion Onset Z Score (7) (10) (105) 
Extent ———— M  —— es NT 
Patient  (Wernicke's Change, Change, Change, Change, Change 
No. Area) T1 T2  T2— TH Ti T2 T2-T1 Ti T2  T72—T1 T1 T2 3712-T1 Ti T2 "T2-—UM 
Group 1.— Frontal, Parietal, Plus Cortical Wernicke's Area Lesion (FPT Cases) 
" 4.38 1 25 $i =e +0.09 TE 0 i TOM 0 3 0 18 
2 3.13 2 15 Vues zu —0.32 1 1 [6] 2 o 0 
3 3.2 3 16 Rave 21.7 04 o 4 8 10 0 26 
4 4.63 2 42 TT) ac —0.86 ue 0 o 0 4 0 0 
5 5 4 15 T =1.5 —0.9 1 1 "Um 2 4 
6 4.63 1 27 $4" AS. —0.98 1 3 5 7 7 17 
7 5 3 17 ae -2.0 -1.9 0 0 0 0 0 0 
8 5 4 27 2 23:8 2,8 TR 1 1 ete 6 5 0 (0) 
9 5 1 13 ox 21.8 =1.8 ai 1 1 Bai 2 4 T 0 15 NT 
Mean 4.4 23 219 19.6 -1:85 .-—1:0 +0.65 0.6 1.3 +0.7 2.6 4.4 +1.76 1.0 8.9 +7.9 














12 93 9.6 0.3 0.6 0.6 0.5 1.3 1.3 3.2 3.1 1.6 2.3 10.1 9.8 


(Temporal Isthmus Area) Group 2.— Frontal, Parietal, Plus Subcortical Temporal Isthmus Lesion (FPTi Cases) 
10 4.5 2 26 iss 12:0 +0.20 "m 0 1 bia 0 8 iol 0 27 













































11 2.75 1 14 T =1.9 —0.24 2x5 0 0 kid 0 0 0 0 
12 4.5 4 19 aos —1.9 —0.28 TY 3 2 8 9 5 
13 4.95 1 12 DE -2.1 —0.44 ao 0 2 E 0 6 o 
14 3.87 4 100 "m —1.6 —0.89 Tr 1 1 Ds 0 5 vus 0 
Mean 4.1 2.4 34.2 31.8 =1.91  -—0.338 +1.58 0.8 1.2 +0.4 1.6 5.6 +4.0 1 
SD 0.9 1.5 37.2 36.2 0.2 0.3 1.3 0.84 +1.0 3.6 3.5 3.4 2. 






Unpaired t Test Levels, Group 1 vs Group 2 
NS NS NS NS NS .01 NS NS NS NS NS NS NS 


* Numbers in parentheses indicate maximum possible score. BDAE indicates Boston Diagnostic Aphasia Examination; NS, not significant. 
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temporal lobe lesion that included at 
least half of Wernicke's cortical area 
had poor recovery of auditory compre- 
hension at 1 to 2 years post stroke on- 
set, whereas most global aphasia cases 
with only subcortical temporal lobe le- 
sion including the temporal isthmus 
had better recovery of auditory com- 
prehension at 1 to 2 years post stroke 
onset. 

There were no significant differ- 
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ences between the two groups in the 
amount of recovery that had taken 
place from T1 to T2 in the number of 
words per phrase length in spontane- 
ous speech, single-word repetition, or 
naming. Most subjects in each group 
remained severely impaired in these 
three areas at T2 (Table 1). 

The overall BDAE Auditory Com- 
prehension Z score is made up of the 
following four subtests: (1) Word Dis- 


T2 (>1 y) 


A 


A= FPTi Subjects 


A= FPT Subjects 





Subjects 


Fig 3.—Graph of overall Boston Diagnostic Aphasia Examination (BDAE) Auditory Comprehension 
Z scores for all cases at time 1 (T1) testing and time 2 (T2) testing. Note that at T1 testing, not 
one FPT (cortical / subcortical lesion in the frontal, parietal, and temporal lobe including Wernicke's 
cortical area) or FPTi (cortical /subcortical lesion in the frontal and parietal lobes, but only sub- 
cortical temporal lobe lesion including the temporal isthmus) case achieved a Z score that was 
better than — 1.0. At T2 testing, four of five FPTi cases achieved Z scores better than —0.5. At 
T2 testing, only one of nine FPT cases achieved a Z score better than —0.5. 


Group 1 Only, FPT Cases 
err 





Table 2.— Time 1 (T1) and Time 2 (T2) BDAE Auditory Comprehension Subtest Scores and t Test Results for Each Group * 


Group 2 Only, FPTi Cases 
————^ 


crimination, which includes single- 
word comprehension for pictures of 
objects, actions, letters, colors, forms, 
and numbers; (2) Body-Part Identifi- 
cation, which includes single-word 
comprehension for body parts; (3) 
Commands, which includes compre- 
hension of single- and multiple-stage 
commands, some with actual objects; 
and (4) Complex Ideational Material, 
which tests sentence- and paragraph- 
level comprehension where there are 
no visual clues, and the subject must 
answer questions with a “yes” or a 
“no” regarding the content. 

Table 2 shows that the FPTi cases 
had a significantly greater (P < .01) 
amount of recovery from T1 to T2 vs 
the FPT cases at the single-word level 
of comprehension (Word Discrimi- 
nation and Body-Part Identification 
subtests). Patients in the FPTi group 
actual had significantly higher 
(P < .01) Body-Part Identification raw 
scores at T2 than did patients in the 
FPT group (Table 2 and Fig 4). The 
FPTi group also had a significant in- 
crease (P « .003) in Commands scores 
(sentence-level comprehension task) 
at T2 vs T1; however, this increase was 
not significantly greater than the in- 
crease in Commands scores for the 
FPT group at T2 vs T1 (Table 2). 


REPORT OF CASES 


CASE 9.—FPT Case.— Figure 5 shows the 
CT scan (8 MPO) and BDAE Auditory 
Comprehension Z scores at 1, 8, 13, 63, and 
96 MPO for an FPT case, case 9. This patient 
had extensive cortical/subcortical lesion in 


Group 1 vs Group 2 
Unpaired t-test 
P Values 
——— 

























































































































Paired Paired 
Changes t Test Change, t Test Change, 
Subtest T1 T2 T2 - T1 P Values T1 T2 T2 - T1 PValues T1 T2 ^I2-—T1 
Word Discrimination (72) Mean 23.7 45.0 T21.3 .004 8.7 53.8 +45.1 .002 NS NS .02 
SD 13.2 12.3 16.1 74.2 11.7 14.1 
Min/Max 0/42 23/59.5 —1.5/+45.5 1/20 35/67 +25/+59 
Body Part Identification Mean 2.4 5.7 +3.3 NS 1.8 14.3 +12.5 .01 NS .01 .004 
(20) SD 2.6 4.5 3.8 2.6 3.6 6.0 
Min/Max 0/6.5 0/15 —2/+13 0/6 8.5/18 +2.5/+18 
Commands (15) Mean 3.1 5.7 +2.6 NS 2 9.2 +7.2 .003 NS NS NS 
SD 1.6 2.9 3.8 1.6 2.7 2.6 
Min/Max 0/5 2/10 =3/+7 0/4 5/12 +4/+11 
Complex Ideational Mean 1:1 27 +1.6 NS 0.8 2.4 +1.6 NS NS NS NS 
Material (12) SD 1.8 2.1 2:3 0.8 2.7 3.2 
Min/Max 0/4 0/7 -—2/5 0/2 0/7 etu 
Auditory Comprehension Mean —1.65 e:0 +0.65 01 -1.91 -—0.33 +1.58 .004 NS NS .01 
Z Score (t 1.0) SD 0.3 0.6 0.6 0.2 0.8 0.6 





* Numbers in parentheses indicate maximum possible score. FPT refers to patients with cortical / subcortical frontal, parietal, and temporal lobe lesion including Wer- 
nicke's cortical area; FPTi refers to patients with cortical/subcortical frontal and parietal lobe lesion, but only subcortical temporal lobe lesion in the temporal isthmus. 


Max indicates maximum; min, minimum. 
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Fig 4.— Graph of mean raw scores on the 
Body-Part Identification subtest of the Boston 
Diagnostic Aphasia Examination. At time 1 (T1) 
testing, there was no significant difference in 
the scores between the two groups. At time 2 
(T2) testing, there was a significant difference 
in the scores between the two groups 
(P < .01), where the FPTi (cortical / subcortical 
lesion in the frontal and parietal lobes, but only 
subcortical temporal lobe lesion including the 
temporal isthmus) group had the greatest 
amount of recovery. FPT indicates cortical / 
subcortical lesion in the frontal, parietal, and 
temporal lobes including Wernicke's cortical 
area. 


the frontal, parietal, and subcortical areas, 
as well as complete lesion in Wernicke's 
cortical area; there was poor recovery of 
auditory comprehension, even at 12 years 
post onset (—1.7, BDAE Z score). There was 
also poor recovery of spontaneous speech 
output at 12 years post onset (one-word 
phrase length). Single-word repetition re- 
covered to 7 and 8 of 10 words at 63 and 96 
MPO, respectively. There was poor recovery 
of naming at 12 years post onset (6/105) 
(Table 1, case 9). 

Case 11.—FPTi Case.—Figure 6 shows 
the CT scan (33 MPO) and BDAE Auditory 
Comprehension Z scores at 1, 2, 4, 14, 33, and 
54 MPO for an FPTi case, case 11. This pa- 
tient had extensive cortical/subcortical le- 
sion in the frontal, parietal, and subcortical 
areas, but only a subcortical temporal lobe 
lesion in the temporal isthmus; there was 
good recovery of auditory comprehension 
with scores of —0.24, —0.33, and —0.18 at 14, 
33, and 54 MPO, respectively. There was 
poor recovery of spontaneous speech out- 
put, word repetition, and naming; however, 
with all of these scores remaining at 0, ex- 
cept at 54 MPO, he was able to repeat two 
words, "what" and "purple." This patient 
had better recovery of auditory comprehen- 
sion at 14 MPO than did the FPT patient, 
above, even at 12 years post stroke. The FPT 
patient, however, had better recovery of 
word repetition at 63 MPO. Both cases 
remained severely aphasic in spontaneous 
speech output and naming. 


COMMENT 


The results from this study suggest 
that careful examination of cortical- 
vs-subcortical lesion in the temporal 
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Fig 5.— Top, Computed tomographic scan 
at 8 months post onset of an FPT case, 
case 9 (age, 61 years), showing extensive 
cortical/subcortical lesion in the frontal, 
parietal, and temporal lobes, including Wer- 
nicke's cortical area, compatible with glo- 
bal aphasia. There was complete lesion in 
Wernicke's cortical area, including the im- 
mediately subjacent white matter on slices 
B/W and W (arrows). Bottom, Graph show- 
ing this patient's Boston Diagnostic Apha- 
sia Examination (BDAE) Auditory Compre- 
hension Z scores over a period of several 
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months post onset. A severe auditory com- 
prehension deficit was still present at 12 
years post onset (Z score — — 1.7). 





lobe on CT scan provides information 
regarding potential for recovery of 
some auditory language comprehen- 
sion (especially single-word compre- 
hension) after 1 year post onset in a 
subset of global aphasia patients. A 
majority of the patients (approximate- 
ly 80% ) with only subcortical temporal 
isthmus lesion in the temporal lobe (vs 
Wernicke’s cortical area lesion in the 
temporal lobe) had increased recovery 
of single-word comprehension, as well 
as some sentence-level comprehen- 
sion, after 1 year post onset. 
Although there was increased recov- 
ery of some auditory comprehension in 
the patients of the FPTi group, these 
patients had minimal recovery of 
spontaneous speech. There were no 
significant differences between the 
FPTi group and the FPT group in 
spontaneous speech, word repetition, 
or naming at T1 or T2, or in recovery 
from T1 to T2. Performance at T2 on 
word repetition and naming was actu- 
ally variable within each of the two 


groups (Table 1). Thus, in this study no 
relationship was observed between re- 
covery of auditory comprehension and 
recovery of spontaneous speech. These 
results are in agreement with previous 
studies where a dissociation between 
recovery of auditory comprehension 
and spontaneous speech has been ob- 
served.'* 

The majority of the FPTi cases in 
this study achieved some Auditory 
Comprehension scores on the BDAE 
after 1 year post onset that were close 
to, but not within, the normal range. 
The cut-off score for normal subjects 
on Word Discrimination is 67 of 72.” In 
four of five FPTi cases there was im- 
provement in Word Discrimination 
with scores of at least 53 of 72 at 12 to 
26 MPO; only three of the nine FPT 
cases reached scores of this level at 15 
to 25 MPO. One FPTi case reached the 
normal cut-off score of 67 of 72 on 
Word Discrimination at 26 MPO. 

The cut-off score for normal subjects 
on Body-Part Identification is 18 of 


Auditory Comprehension—Naeser et al 429 





BDAE Auditory Comprehension Z-Score 


Fig 6.—Top, Computed tomographic scan at 33 months post 
onset (MPO) of an FPTi case, case 11 (age, 61 years), showing 
extensive cortical /subcortical lesion in the frontal and parietal 
lobes, but only subcortical temporal lobe lesion in the temporal 
isthmus at slices B and B/W (arrows). Note complete sparing of 
Wernicke's cortical area on slices B/W and W. Bottom, Graph 
showing this patient's Boston Diagnostic Aphasia Examination 
(BDAE) Auditory Comprehension Z scores over a period of sev- 
eral months post onset. Note good recovery of auditory compre- 
hension beginning at 2 to 4 MPO. His BDAE Auditory Compre- 
hension Z scores were —0.24, —0.33, and —0.18 at 14, 33, and 
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54 MPO, respectively. 








20.? In four of five FPTi cases there 
was improvement in Body Part Identi- 
fication with scores of at least 14 of 20 
at 12 to 26 MPO; only one of the nine 
FPT cases reached a score of this level 
at 25 MPO. One FPTi case reached the 
normal cut-off score of 18 of 20 on Body 
Part Identification, at 12 MPO. 

The normal cut-off score on Com- 
mands is 13 of 15.” In four of the five 
FPTi cases there was improvement in 
Commands with scores of 9 of 15 at 14 
to 26 MPO (and one case at 100 MPO); 
only two of the nine FPT cases im- 
proved to scores of this level at 25 to 42 
MPO. No FPTi cases reached the nor- 
mal cut-off score on Commands. 
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In summary, 80% (4/5) of the FPTi 
cases had total BDAE Auditory Com- 
prehension Z scores that were in the 
mild-to-moderate range (above —0.5) 
at 1 to 2 years post onset. In contrast, 
89% (8/9) of the FPT cases had BDAE 
Auditory Comprehension Z scores that 
were in the moderate-to-severe range 
(below —0.5) after 1 to 2 years post on- 
set. 

These results are, in general, com- 
patible with results from another CT 
scan study that examined recovery of 
single-word comprehension." That 
study defined Wernicke’s area in a dif- 
ferent manner, however, from the 
present one. In that study, the inferior 


border of the posterior superior tem- 
poral (PST) region (Wernicke’s area) 
was at the level of the pineal gland, and 
the superior border was at the level of 
the roof of the right thalamus." In the 
present study, the inferior border of 
Wernicke's area was at the level of the 
maximum width of the third ventricle, 
slice B/W in Fig 1 (the pineal gland 
was not always present at this slice 
level); and the superior border was at 
the level of the roof of the third ven- 
tricle, slice W (Fig 1). 

It appears that the present study in- 
cluded a larger regional area in the 
definition of what was considered to be : 
“Wernicke’s area" in the temporal lobe 
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(posterior two thirds, superior tempo- 
ral gyrus area), than did the study by 
Selnes et al.^ The present study in- 
cluded the middle third (slice B/W), as 
well as the posterior third (slice W), 
of the superior temporal gyrus area as 
part of Wernicke's area. (In the 
present study, it is possible that por- 
tions of Heschl's gyrus area were in- 
cluded as part of Wernicke's area on 
slice B/W, because it is not possible to 
separate the primary auditory cortex 
area from the auditory association 
cortex area on CT scans.) It appears 
that the study by Selnes et al? placed 
more emphasis on the posterior third 
of the superior temporal gyrus area 
and the infrasylvian supramarginal 
gyrus area. The study by Selnes et al 
reported that six of seven cases with 
limited recovery of comprehension had 
lesion in Wernicke's area, but two 
cases with complete destruction of 
Wernicke's area (aphasia type not 
specified) had good recovery of single 
word comprehension at 6 MPO." 

Itis possible that due to a difference 
in the definition of the inferior border 
of Wernicke's area between the two 
studies that the two patients with good 
recovery of single-word comprehen- 
sion in the study by Selnes et al, de- 
spite the total destruction of Wer- 
nicke's area as defined by Selnes et al,'? 
did not have total destruction of Wer- 
nicke's area as defined in the present 
study. No FPT cases in the present 
study with complete destruction of 
Wernicke's area as defined in the 
present study had what would be con- 
sidered good recovery of single-word 
comprehension (a score of at least 67/ 
72). The four FPT cases with complete 
destruction of Wernicke’s area on 
slices B/W and W in the present study 
recovered to achieve Word Discrimi- 
nation scores of only 55.5, 47, 28.5, and 
23 of 72, at 15, 17, 27, and 13 MPO, re- 
spectively. Thus, it is difficult to make 
comparisons between the study by 
Selnes et al? and the present one, be- 
cause the definitions of Wernicke's 
area are not the same. In general, the 
results, however, appear to be compat- 
ible, with the exception of the two pa- 
tients with complete destruction of 
“Wernicke’s area" who had good re- 
covery of single-word comprehension 
in the study by Selnes et al.” 

The results from the present study 
of global aphasia patients are in agree- 
ment with our recently published 
study with Wernicke's aphasia pa- 
tients.^ In that study, Wernicke's 
aphasia patients with lesion in more 
than half of Wernicke's cortical area 
(defined exactly as in the present 
study) had poor recovery of auditory 
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comprehension at 1 to 2 years post 
Stroke onset (BDAE Auditory Com- 
prehension Z scores ranged from —0.2 
to —0.9). Wernicke's aphasia patients 
with lesion in only half, or less than 
half, of Wernicke's cortical area had 
good recovery of auditory comprehen- 
sion at 6 months to 1 year post stroke 
onset (BDAE Auditory Comprehen- 
sion Z scores ranged from +0.4 to 
+0.8). It did not matter whether the 
lesion spared the middle third or the 
posterior third of the superior tempo- 
ral gyrus area. As long as half of Wer- 
nicke's cortical area was spared (in- 
cluding immediately subjacent white 
matter), there was good recovery at 6 
months to 1 year post onset. There was 
no significant correlation between to- 
tal temporoparietal lesion size and 
BDAE Auditory Comprehension Z 
scores or any of the auditory subtests. 
The severity and recovery of compre- 
hension was significantly correlated 
with only the extent of lesion in Wer- 
nicke's area and the temporal lobe, not 
the total lesion size, including extent of 
lesion into the parietal lobe. 

Thus, our results with global apha- 
sia patients are similar to those with 
Wernicke’s aphasia patients in that 
most global aphasia patients with le- 
sion in greater than half of Wernicke’s 
cortical area (ie, FPT cases) had poor 
recovery of auditory comprehension 1 
to 2 years post stroke onset, as did the 
moderate and severe Wernicke’s apha- 
sia patients. In contrast, most global 
aphasia patients with only subcortical 
temporal isthmus lesion (ie, FPTi 
cases) had better recovery of auditory 
comprehension, as did the mild Wer- 
nicke’s aphasia patients with lesion in 
only half, or less than half, of Wer- 
nicke’s cortical area. The range of 
scores on the BDAE Auditory Com- 
prehension Z score was higher for the 
mildly recovered Wernicke’s aphasia 
patients (range, +0.4 to +0.9, at 6 
months to 1 year post onset), however, 
than it was for the four of five FPTi 
patients who had some recovery of au- 
ditory comprehension (range, —0.4 to 
+0.2, at 1 to 2 years post onset). The 
additional frontal lobe lesion that was 
present in the recovered FPTi cases 
(but not, obviously, in the recovered 
Wernicke’s aphasia cases) probably 
precluded further recovery and con- 
tributed to a relatively more severe 
comprehension deficit in the FPTi pa- 
tients. The relative contribution of a 
frontal lobe lesion to the severity of a 
comprehension deficit in aphasia pa- 
tients who also have a temporal isth- 
mus lesion (or a Wernicke's cortical 
area lesion) remains to be investi- 
gated. 


The results from the present study 
help to underscore the unique impor- 
tance of Wernicke's cortical area in 
auditory syntactic comprehension, as 
was suggested in a previous study from 
our laboratory.? In that study, audi- 
tory syntactic comprehension was 
tested across multiple aphasia types 
where CT scan lesion sites were known. 
The patients with lesions that included 
at least half of Wernicke's cortical 
area (Wernicke's and/or global apha- 
sia patients) consistently performed 
the worst in auditory syntactic com- 
prehension, whereas other aphasia pa- 
tients with perisylvian lesions that 
spared most of Wernicke's cortical 
area performed the best (conduction, 
transcortical motor, Broca's, subcorti- 
cal capsular/putamenal with antero- 
superior periventricular white matter 
lesion, recovered Wernicke’s, and 
mixed nonfluent patients). All patients 
exhibited the same overall rank order 
of difficulty with various syntactic 
comprehension pairs. The patients 
who made the greatest number of er- 
rors, however, had extensive lesion in 
Wernicke's cortical area (Wernicke's 
and global aphasia patients). 

Similar results have been observed 
by Parisi and Pizzamiglio? in a study 
of aphasics in Italy. In that study, the 
Wernicke’s and mixed/global aphasics 
performed more poorly on a syntactic 
comprehension task than did the Bro- 
ca’s or anomic aphasics. All groups had 
a similar rank order of difficulty on the 
syntactic comprehension task, but the 
former two groups made the most er- 
rors. In fact, the study by Naeser et al” 
of the English-speaking aphasics in 
the United States observed a rank or- 
der of difficulty for syntactic pairs that 
was similar to that observed with the 
Italian-speaking aphasics.? A CT scan 
study conducted by Selnes et al? with 
the Token Test had made the same 
general observation regarding the re- 
lationship between sentence level com- 
prehension and presence of lesion in 
the area they described as “Wernicke’s 
area" (posterosuperior temporal gyrus 
and infrasylvian supramarginal gyrus 
regions), although variability across 
individual aphasia cases was, of 
course, also sometimes observed. 

Some aphasia recovery studies have 
suggested that the right hemisphere 
may play a role in recovery from apha- 
sia. These studies have included cere- 
bral blood flow studies? and dichotic 
listening studies,” as well as cortical 
evoked potential studies. Hemi- 
spherectomy studies by Zaidel??! have 
suggested that the right hemisphere is 
capable of some single-word compre- 
hension and some limited syntactic 
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comprehension. 

Results from the present study re- 
veal the area of greatest recovery to be 
at the single-word level of comprehen- 
sion with the FPTi cases. This area of 
recovery may be, in part, compatible 
with some contribution by the right 
hemisphere to recovery in the FPTi 
cases, but less so in the FPT cases. 
Thus, the global aphasia patients with 
temporal lobe lesions that were lim- 
ited to the subcortical temporal isth- 
mus area (vs Wernicke's cortical area) 
may, through mechanisms not yet 
fully understood, have better recovery, 
in part, through the right hemisphere, 
or through absence of cortical lesion in 
the left superior temporal gyrus area, 
or both. 

There are multiple temporofrontal 
connections in the brains of primates 
and humans.” In the rhesus monkey, 
for example, there are connections 
from the superior temporal gyrus to 
the frontal lobe via the extreme cap- 
sule, the arcuate fasciculus, and the 
superior longitudinal fasciculus,” as 
well as connections from the superior 
temporal gyrus through the anterior 
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commissure and corpus callosum to 
the contralateral hemisphere.” With 
only CT scan imaging, it is unknown 
which, if any, of these intrahemi- 
spheric and interhemispheric connec- 
tions were better preserved in the 
FPTi cases. It is possible that the FPTi 
cases, without lesion in the superior 
temporal gyrus area, preserved more 
of these intrahemispheric and inter- 
hemispheric connections than did the 
FPT cases (despite large frontal and 
parietal lobe lesions present in both 
groups). In addition, none of the FPTi 
cases had complete destruction of the 
anterior temporal isthmus area; thus, 
some temporal lobe pathways through 
the temporal isthmus are likely to 
have been preserved. Some of these 
preserved intrahemispheric and inter- 
hemispheric connections in the FPTi 
cases may have facilitated better re- 
covery of auditory comprehension at 
the single-word level (Word Discrimi- 
nation and Body Part Identification), 
and to some extent at the sentence 
level (Commands). 

The results from this study support 
the notion of Sarno and Levita’* that 
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* Relatively little is known about cogni- 
tive changes in early human immunodefi- 
ciency virus (HIV) infection. This study ex- 
amined cognitive functioning in 46 HIV- 
positive gay men relative to an age and 
education equivalent group of 13 HIV-neg- 
ative gay men. The HIV-positive men were 
asymptomatic except for lymphadenop- 
athy or T4 counts less than 700. The cog- 
nitive battery measured language, mem- 
ory, visuospatial, information processing 
speeds, reasoning, attention, and psycho- 
motor processes. The HIV-positive group 
was significantly slower in processing in- 
formation and performed significantly less 
well than the HIV-negative group on cer- 
tain verbal memory measures. Deviations 
of 1 as well as 2 SDs from the norm/con- 
trol group mean on four or more tests were 
observed in 43% and 22% of the HIV-pos- 
itive subjects, respectively, compared 
with 8% and none of the HIV-negative sub- 
jects, respectively. The results suggest 
that cognitive inefficiency occurs in a sub- 
sample of individuals during early HIV in- 
fection. 

(Arch Neurol. 1990;47:433-440) 


The human immunodeficiency virus 

(HIV) infection is frequently ac- 
companied by a progressive and severe 
cognitive loss referred to as the ac- 
quired immunodeficiency syndrome 
(AIDS) dementia complex.! This syn- 
drome, common in the advanced stages 
of AIDS, is characterized by abnor- 
malities in cognitive, behavioral, and 
motor functions. Although the 
pathogenesis of the AIDS dementia 
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complex is not well understood, cogni- 
tive impairment is believed to be due to 
the direct effects of the retrovirus on 
the brain rather than to secondary 
complications of immunosuppres- 
sion.** It is currently believed that in- 
fected macrophages, which can cross 
the blood-brain barrier, carry the vi- 
rus into the brain* where brain dys- 
function appears to be related to either 
viral or cell-coded toxins.’ 

Despite the fact that there is early 
exposure of the nervous system to the 
HIV infection," relatively little is 
known about the occurrence or nature 
of cognitive changes that may occur 
during the early stages of infection. 
The reported incidence of cognitive al- 
terations during early infection range 
from a low of 6% to 12%** to a high of 
4475? to 5075? showing varying degrees 
of impairment. These differences in 
reported frequency of cognitive im- 
pairment are due in part to differences 
between studies in the cognitive mea- 
sures employed, different operational 
definitions of impairment, and possi- 
ble differences between patients in the 
disease process. 

To evaluate the extent and nature of 
the changes in cognitive functioning 
associated with early HIV infection, 
we assessed a wide range of cognitive/ 
neuropsychological processes in a 
group of HIV-positive homosexual 
men relative to a group of HIV-nega- 
tive, age and education equivalent ho- 
mosexual men. The battery of tests 
employed allowed for comparison of 
our data with that reported in earlier 
studies and permitted a comprehen- 
sive evaluation of numerous cognitive/ 
neuropsychological domains. 


SUBJECTS AND METHODS 
Subjects 


Two groups of homosexual men partici- 
pated in this study. One group consisted of 


46 subjects who were seropositive for HIV 
and the second group consisted of 13 sub- 
jects who were seronegative for HIV. The 
HIV-positive and HIV-negative groups 
were 32.8 + 7.6 and 32.7 + 4.9 (mean + 
SD) years of age, with 15 + 2 and 16 + 2 
years of education, respectively. The HIV 
serostatus was determined by enzyme- 
linked immunosorbent assay and Western 
blot methods. 

The cognitive data to be reported on the 
HIV-positive subjects were collected as 
part of a larger biopsychosocial, longitudi- 
nal study of AIDS at the University of Mi- 
ami, Fla. The subjects were diagnosed HIV- 
positive less than 6 months prior to the 
study and were either asymptomatic except 
for lymphadenopathy of 3 months’ reported 
duration or T4 cell counts less than 700. 
They did not meet the criteria for AIDS- 
related complex or AIDS set by the Cen- 
ters for Disease Control, Atlanta, Ga.'^ The 
HIV-positive subjects were recruited 
through HIV screening clinies, AIDS ser- 
vice and outreach agencies, media an- 
nouncements, and by word of mouth. 

The HIV-negative subjects were paid 
community volunteers. The majority had 
served as control subjects in a study of im- 
mune function and AIDS, with others re- 
cruited through HIV screening clinics and 
a media announcement. 

Subjects were excluded from this study 
for the following reasons: (1) less than 18 
years of age, (2) participation in experimen- 
tal drug treatments prior to entry into this 
study, (3) history of excessive drug or alco- 
hol use, (4) history of lymphadenopathy, 
disease or trauma involving the brain, or 
psychiatric problems prior to study (for the 
HIV-negative group) or prior to HIV infec- 
tion (for the HIV-positive group), or (5) un- 
able to read or understand the study in- 
struments. Informed consent was obtained 
according to institutional guidelines. 


Cognitive Examination 


The administration time of the cognitive 
battery was 3 to 3% hours given over a 
2-day period. There were frequent rest 
breaks at regular intervals. 

The cognitive battery consisted of tradi- 
tional neuropsychological tests as well as 
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Table 1.— No. of Abnormal Scores on Traditional and Experimental Cognitive Tasks * 


No. (95) of Abnormal Results (1-SD Cutoff) 


1 3 





Traditional testst (Fisher's 
Exact Test [2 tail], P < .31) 


HIV negative (n — 13) 11 (84) 1(8) o (0) o (0) 


23 (51) 18 (29) 1(2) 1(2) 








HIV positive (n — 45) 





Experimental testst (Fisher's 
Exact Test [2-tail], P < .03) 
HIV negative (n — 13) 4 (31) 
HIV positive (n — 46) 2 (4) 


* HIV indicates human immunodeficiency virus. 

tAbnormality is indicated when a subject's score exceeds the criteria specified for the following tasks: 
Wechsler Adult Intelligence Scale-Revised Vocabulary, Digit Span, Similarities, Block Design (age adjusted 
scaled scores, «7, respectively); the Wechsler Memory Scale (WMS) Logical Memory for Passages (Immediate 
Recall, age range in years followed by criterion for abnormality: 20 to 29, <6; 30 to 59, « 5), Visual Reproduc- 
tions (Immediate Recall, age in years, 20 to 29, <8; 30 to 59, <7), and the Boston Naming Test (age in years, 
20 to 29, «53; 30 to 39, «53.8; 40 to 49, <50.93). 

Abnormality is indicated when a subject's score exceeds 1 SD from the HIV negative control group mean 
for the following tests: 45-minute delayed recall for both the WMS Logical Memory and Visual Reproductions 
(age in years, 20 to 45, <7.54 and <6.56, respectively); paired associate (PA) learning percent correct and 
PA response time, under both focused and divided attention conditions (<87.78% and 78.49%, respectively; 
> 1714.55 milliseconds and 1762.41 milliseconds, respectively); name identity minus physical identity measure, 
Posner Letter Matching Task (>135.43 milliseconds); Buschke Selective Reminding Test retrieval score 
(<60.8); two-choice reaction time (>367.32 milliseconds). 

§Cell percentages may not sum to 100 due to rounding. 


Table 2.— No. of Abnormal Scores on Traditional and Experimental Cognitive Tasks * 


No. (96) of Abnormal Results (2-SD Cutoff) 


4 (31) 
10 (22) 


2 (15) 1 (8) 
7 (15) 20 (43)§ 






















0 1 2 3 =4 
Traditional testst (Fisher's Exact Test [2 tail], P = .78) 

















HIV negative (n = 13) 11 (85) 2 (15) 0 (0) 0 (0) 0 (0) 

HIV positive (n = 45) 33 (73) 11 (24) 0 (0) 1 (2) 0 (0)§ 
Experimental tests (Fisher's Exact Test [2 tail], P < .03) 

HIV negative (n = 13) 8 (62) 4 (31) 1 (8) 0 (0) 0 (0)§ 








HIV positive (n = 46) 11 (24) 


* HIV indicates human immunodeficiency virus. 

tAbnormality is indicated when a subject's score exceeds the 2-SD criteria specified for the following tasks: 
Wechsler Adult Intelligence Scale-Revised Vocabulary, Digit Span, Similarities, Block Design (age adjusted 
scaled scores, «4, respectively); the Wechsler Memory Scale (WMS) Logical Memory for Passages (Immediate 
Recall, age range in years followed by criterion for abnormality: 20 to 29, «3; 30 to 59, « 3.05), Visual Repro- 
ductions (Immediate Recall, age in years, 20 to 29, <5; 30 to 59, <2), and the Boston Naming Test (age in years, 
20 to 29, «50.1; 30 to 39, <51; 40 to 49, <47.5). 

+Abnormality is indicated when a subject's score exceeds 2 SDs from the HIV negative control group mean 
for the following tests: 45-minute delayed recall for both the WMS Logical Memory and Visual Reproductions 
(age, 20 to 45 years, «5.12 and «2.74, respectively); paired associate (PA) learning percent correct and PA 
response time, under both focused and divided attention conditions («82.3296 and «68.0696, respectively; 
>1911.48 milliseconds and >2006.79 milliseconds, respectively); name identity minus physical identity mea- 
sure, Posner Letter Matching Task (> 193.65 milliseconds); Buschke Selective Reminding Test retrieval score 
(<55.5); two-choice reaction time (7427.74 milliseconds). 

§Cell percentages do not sum to 100 due to rounding. 


10 (22) 6 (13) 9 (20) 10 (22)8 





tests widely used in experimental cognitive 
psychology. Five of the tasks were pre- 
sented on video screens of IBM AT comput- 
ers, which controlled the stimulus presen- 
tation intervals, recorded subject responses 
in milliseconds, and provided preliminary 
data analyses on each subject's data. 

The results of the cognitive tests were 
examined in two ways: as continuous vari- 
ables in parametric and rank order analy- 
ses, and as dichotomous variables indicat- 
ing whether performance on a specific test 
was in the normal or impaired range. For 
the traditional neuropsychological tests, 
the criteria for an impaired performance in 
one analysis was 1 SD below the mean for 
the normative sample. This was the same 
criteria used by Tross and colleagues. For 
the experimental tasks, the impairment in- 
dex criteria was set at 1 SD from the mean 
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of the HIV-negative control group in this 
study. In a separate analysis, a more con- 
servative criteria of 2 SDs from the norm/ 
control group mean was used to identify 
impaired performance. All mean scores ob- 
tained for the control group were similar to 
those reported in the literature on these 
tasks.'* 

The cognitive tests are described below 
according to the major functions they are 
presumed to measure. (The scores we con- 
sidered as the cutoff for impairment are 
presented in Tables 1 and 2.) 


Language 


Confrontation naming and word re- 
trieval skills were assessed using the Bos- 
ton Naming Test. The total score repre- 
sents the number of items spontaneously 
named. 


Vocabulary was assessed using the Vo- 
cabulary subtest, Wechsler Adult Intelli- 
gence Scale-Revised (WAIS-R).'* Half of 
the test items were administered each eval- 
uation, using alternate items. 

Verbal fluency was measured by the Ben- 
ton Controlled Oral Word Association 
Test!’ using the letters C, F, and L. 


Memory 


Digit span forward and backward was 
measured using the Digit Span subtest 
(WAIS-R).'* 

Memory for passages was evaluated using 
the Wechsler Memory Scale.5 Recall was 
obtained immediately after presentation as 
well as after a 45-minute delay. No other 
verbal learning material was presented be- 
tween the immediate and delayed recalls. 
Alternate forms were used for each follow- 
up evaluation. 

Word list learning was examined using 
the Buschke Selective Reminding Test’? 
employing 12 unrelated but meaningful 
words involving up to six trials. The proto- 
col was scored several different ways to 
provide separate measures of storage, re- 
trieval, and consistent retrieval, using a 
modification of the Buschke scoring pro- 
cedure.” 

Continuous paired associate learning was 
examined under focused and divided atten- 
tion conditions employing a secondary task 
paradigm.” Percent correct and response 
time in milliseconds were measured. 


Visuospatial Processes 


Memory for designs was examined using 
the Visual Reproductions subtest from the 
Wechsler Memory Scale’! employing imme- 
diate and 45-minute delayed recalls. 

Visuospatial/visuoconstructive skills 
were examined using the Block Design 
subtest (WAIS-R).'^ 

Picture recognition and scanning were 
examined. Under timed conditions, the task 
was to scan five figures to identify the one 
figure that matched a prototype. Accuracy 
and response time were recorded. 


Information Processing Speeds 


The speed of manipulating different 
types of information was examined using 
the following tasks. 

Long-term memory decoding speeds were 
examined using the Posner” Letter Match- 
ing task. This task measures the speed in 
milliseconds required to access highly over- 
learned name codes from long-term mem- 
ory. The major variable of interest was the 
difference between the discriminative reac- 
tion times to pairs of letters that were 
physically identical (PI) (eg, AA, nn) vs 
those that had the same name (NI) (eg, Aa, 
nN). This difference is referred to as the 
NI- PI variable. 

Short-term memory search speeds were 
examined using the Sternberg!" para- 
digm. A small number of digits, called a 
memory set, which ranged in size from one 
to four digits, was presented on a computer 
screen. The memory set was followed by a 
probe (eg, 5269...2, ?), with the task to 
determine whether or not the probe (2, in 
this example) was in the memory set. The 


Human Immunodeficiency Virus— Wilkie et al 


dependent variable was the reaction time 
(in milliseconds) indicating whether or not 
the probe was in the memory set. Reaction 
time typically increases as a linear function 
of the number of items in the memory set. 
The slope of the function is viewed as a 
measure of memory search speed and the 
zero intercept of the function is viewed as 
the nonsearch (eg, encoding, motor) speeds. 
The task attempts to disentangle mental 
processing speeds from motor speeds. 


Reasoning 


Verbal reasoning was examined using the 
similarities subtest, (WAIS-R).'5 

Visuospatial problem solving was as- 
sessed using a mental rotations task that 
was a modified paper and pencil version? of 
the Shepard and Metzler task.” The task 
was to mentally rotate the geometric figure 
on the right by 40? to 180? to determine 
whether it would be different from or iden- 
tical to the object on the left of the picture. 


Attention/Reaction Time 


Arousal/attention was examined using a 
simple reaction time paradigm and varying 
the preparatory intervals between 25, 250, 
500, 750, and 1000 milliseconds.” 

Two-choice visual reaction times pro- 
vided a measure of psychomotor response 
speed. This 4-minute choice reaction time 
task was given in the beginning and at the 
end of the 1% hour computer-driven testing 
session to assess fatigue effects. 


Mental Status 


Mental status was assessed using the 
Folstein Mini-Mental Status Exam- 
ination,” which is widely used as a screen- 
ing examination for dementia. 


Statistical Analyses 


The HIV-positive and HIV-negative sub- 
jects were compared using a series of mul- 
tivariate and univariate analyses. Mea- 
sures were grouped by specific tests under 
specific cognitive domains (eg, the language 
domain included measures of confrontation 
naming, vocabulary, and verbal fluency). 
The cognitive domains were: (1) language, 
(2) verbal memory, (3) visual memory, (4) 
visuospatial, (5) information processing 
speeds, (6) attention/psychomotor re- 
sponse speeds, and (7) reasoning. An over- 
all multivariate analysis of variance was 
performed within each domain as an omni- 
bus test of group differences. A type I error 
rate of .05 was used to identify group 
differences considered to be significant. Re- 
sults with a probability between .05 and .10 
were considered marginally significant. In 
domains that appeared to show notable 
group differences, univariate analyses of 
variance were used to help identify the 
measures on which HIV-positive and HIV- 
negative individuals differed. 

In cases where distributions of individual 
measures appeared to be nonnormal, a one- 
way multivariate analysis based on ranks? 
was used to generate the overall test statis- 
tic. Kruskal-Wallis analyses were then used 
as follow-up procedures for examining the 
individual measures. 
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Measure 


Table 3.—Mean MMSE, Language, Reasoning, and Visuospatial Scores 
for HIV-Positive and HIV-Negative Gay Men" 


ee ee Se 
Positive, Mean (SD) 













Negative, Mean (SD) 










































Mental Status (MMSE) 27.9 (1.9) 29.2 (0.9) 
Language 
Multivariate F(3,53) = 0.79, P> .50 
Boston Naming 51.7 (9.1) 54.3 (5.3) ns 
Vocabulary 11.1 (3.3) 12.8 (3.4) 

















Verbal Fluency: COWA 
Verbal reasoning 










39.4 (11.3) 





43.2 (10.0) 





















































































Similarities 10.8 (2.4) 11.5 (1.2) 
Visual reasoning 
Multivariate F (3,54) = 0.98, P> .40 
Task 2 13.1 (3.8) 11.1 (9.2) 
Task 3 12.0 (4.3) 10.5 (3.3) 
Task 4 11.9 (3.8) 11.4 (3.2) 
Visuospatial 
Multivariate x? = .40 (df = 3), P ».90 
Benton: Form D 4.8 (0.5) 4.8 (0.6) 
Form E 3.8 (1.1) 4.0 (0.9) 
Block Design 11.3 (2.3) 11.7 (3.2) 
Visual reproductions (WMS) 
Multivariate F(2,55) = 1.96, P< .16 
Immediate Recall 11.1 (2.5) 12.5 (2.0) 
Delayed Recall 8.6 (3.8) 10.4 (3.8) ns 






* MMSE indicates Mini-Mental Status Examinations; HIV, human immunodeficiency virus; WMS, Wechsler 
Memory Scale; COWA, Controlled Oral Word Association Test; and ns, not significant. 
tProbabilities given for univariate, between group comparisons. 





Measure 





Table 4.—Mean Reaction Time Measures of Attention /Psychomotor Functions 
for HIV-Positive and HIV-Negative Gay Men* 


Positive, Mean (SD) 







Negative, Mean (SD) Pt 











Attention, 
multivariate x? = 11.30 (df = 5), P< .05 
Variable ISI, ms 











































25 388.0 (110.6) 354.3 (48.7) 
250 317.1 (119.0) 330.2 (73.9) 
500 273.8 (90.0) 293.8 (64.2) 
750 267.2 (86.5) 267.1 (54.8) ns 
1000 254.9 (69.2) 270.7 (70.1) 











Two-choice RT 


Beginning 319.1 (64.6) 


Psychomotor, multivariate F(2,41) = 0.19, P» .80 






306.9 (60.4) 











Ending 325.9 (67.3) 






312.6 (55.2) ns 


"Reaction time (RT) is given in milliseconds. HIV indicates human immunodeficiency virus; ISI, interstimulus 


interval; and ns, not significant. 


tProbabilities given for univariate, between group comparisons. 


Several measures did not fit within this 
Schema either because their scoring proce- 
dures were not independent (eg, measures 
of storage, retrieval, consistent retrieval 
obtained from the Buschke Selective Re- 
minding Test) or because they represented 
the only measure of a particular cognitive 
function (eg, the WAIS Similarities sub- 
test). These measures were evaluated using 
individual one-way univariate analyses of 
variance or Kruskal-Wallis analyses. 

Not all subjects had data for all the tests 
for a variety of reasons including mechan- 
ical problems with the computers or key- 
boards, experimental error, and so on. Be- 
cause the multivariate analyses require 
complete data on all measures, the sample 
size varied slightly across analyses. 


RESULTS 
HIV-Positive vs HIV-Negative Groups 


The mean cognitive measures and 
SDs for the HIV-positive and HIV- 
negative groups are presented in Ta- 
bles 3 through 6. The results for all the 
multivariate tests along with the sig- 
nificance levels for the univariate tests 
are reported in the tables with the re- 
sults for specific univariate analyses 
presented below. 

As depicted in Table 3, the average 
Folstein Mini-Mental Status Exami- 
nation score was 27.9 for the HIV-pos- 
itive group that was significantly 
lower than the average 29.2 score for 
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Table 5.— Mean Verbal Memory Scores for HIV-Positive and HIV-Negative Gay Men* 


— 


Negative, Mean (SD) 


Measure Positive, Mean (SD) 
Verbal memory multivariate F (3,54) = 4.37, P < .008 
Logical Memory (WMS) 
Immediate Recall 
Delayed Recall 
Buschke Selective Reminding 
Retrieval 
Storaget 
Consistent Retrievalt 
Paired associates 
Multivariate x? = 2.41 (df = 3), P» .50 
Percent correct 
Single Task 
Dual Task 81.0 (17.9) 88.9 (10.4) 
Digit Span (WAIS-R) 10.9 (2.5) 11.4 (3.4) 
* HIV indicates human immunodeficiency virus; WMS, Wechsler Memory Scale; ns, not significant; and WAIS- 
R, Wechsler Adult Intelligence Scale-Revised. 
+Probabilities given for univariate, between group comparisons. 
Not included in the multivariate analysis (see text). 











9.6 (3.2) 
7.6 (3.7) 


11.3 (2.6) 
10.0 (2.4) 














58.9 (7.2) 
66.6 (3.6) 
40.6 (10.9) 


66.2 (5.4) 
69.1 (1.9) 
51.6 (8.1) 




















81.4 (20.2) 93.2 (5.5) 











Table 6.—Speed of Information Processing for HIV-Positive 
and HIV-Negative Gay Men* 


= 
Measure Positive, Mean (SD) Negative, Mean (SD) 
Processing speeds 
multivariate F(5,39) = 2.79, P< .03 
Decoding 
Posner NI—PI 
Sternberg 
Slope 62.7 (40.1) 
Interceptt 941.6 (311.9) 
Paired associates, response time 
Single Task 1714.0 (372.7) 
Dual Task 1668.1 (391.2) 
Visual scanning 
Time, s 





139.9 (58.8) 77.2 (58.2) 





55.1 (22.3) 
618.5 (118.1) 











1517.6 (196.9) 
1518.0 (244.4) 








75.9 (19.8) 62.2 (14.6) 


* Information processing is given in milliseconds. HIV indicates human immunodeficiency virus; NI-PI, name 
identity minus physical identity; and ns, not significant. 

+Probabilities given for univariate, between group comparisons. 

Not included in the multivariate analysis (see text). 








Buschke Selective Reminding Task 





Retrieval Score 


Distribution of retrieval scores as measured by the Buschke Selective Reminding Task for the hu- 
man immunodeficiency virus (HIV) positive and HIV-negative gay men. 
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the HIV-negative group, x’, 7.15 
(df=1), P «.008. However, in both 
groups all subjects scored within the 
clinically nonimpaired range (>24) ac- 
cording to Folstein's normative data.” 

In general, the multivariate analy- 
ses indicated that the HIV-positive 
group performed less well than the 
HIV-negative group in cognitive do- 
mains tapping verbal memory pro- 
cesses and in the speed of manipulat- 
ing specific types of both verbal and 
visual information. In contrast, as de- 
picted in Table 3, the groups did not 
appear to differ significantly on tests 
measuring accuracy in language func- 
tions, including the Boston Naming, 
Vocabulary, and verbal fluency (Con- 
trolled Oral Word Association Test) 
measures. The groups did not differ 
in verbal reasoning as measured by 
the Similarities subtest, WAIS-R 
(F[1,55] = 119, P > .20), or in visual 
problem solving as measured by the 
Mental Rotations task. Similarly, the 
HIV-positive and HIV-negative 
groups did not differ significantly in 
visuoconstructive processes as mea- 
sured by the Benton Visual Retention 
Test (Forms D and E) and the Block 
Design subtest, WAIS-R, or in visual 
memory for both immediate and de- 
layed recalls according to the Visual 
Reproductions subtest, Wechsler 
Memory Scale. 

Further, as depicted in Table 4, the 
groups did not differ in visual two- 
choice reaction times that were mea- 
sured in the beginning and end of the 
computer-testing session. However, 
the groups did differ significantly in 
simple reaction times under variable 
(25, 250, 500, 750, or 1000 milliseconds) 
interstimulus interval (ISI) conditions 
used as a measure of attentional pro- 
cesses (P < .05). Interestingly, none of 
the differences at any individual ISI 
was statistically significant, suggest- 
ing that the significant multivariate 
finding reflected a difference in the 
overall pattern of results rather than a 
difference in response speed at any 
particular ISI condition. The pattern 
for the HIV-positive group was slower 
reaction times to the 25-millisecond 
ISI but similar or faster reaction times 
to the longer (250- to 1000-millisecond) 
ISI conditions than the HIV-negative 
group. 

Table 5 presents the results from 
three separate analyses performed on 
different measures of verbal memory. 
An overall multivariate analysis of 
variance including immediate and de- 
layed recall of passages on the 
Wechsler Memory Scale, as well as a 
measure of retrieval from the Buschke 
Selective Reminding Test, showed a 
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statistically significant multivariate 
effect (P « .008). Post hoc analyses ex- 
amining each measure independently 
indicated that relative to the HIV- 
negative group, the HIV-positive 
group recalled significantly fewer pas- 
sages after 45 minutes (10.0 vs 7.6, re- 
spectively; F[1,56] = 4.78, P « .04), but 
not immediately after presentation of 
the passages (11.3 vs 9.6, respective- 
ly; F[1,56] = 2.86, P<.10). On the 
Buschke Selective Reminding Task, 
the HIV positive group had a signifi- 
cantly lower retrieval score than the 
HIV-negative group (58.9 vs 66.2, re- 
spectively; F[1,56] = 11.43, P < .002). 
The measures of storage and consis- 
tent retrieval obtained from the 
Buschke were not included in the mul- 
tivariate analysis since they are not 
Scored independently of the measure 
of retrieval. Instead, separate indepen- 
dent univariate analyses of variance 
were completed that showed that the 
HIV-positive group had lower scores 
measuring storage (66.6 vs 69.1, re- 
spectively; F[1,56] = 5.46, P <.03) as 
well as consistent retrieval (40.6 vs 
51.6, respectively; —F[1,56] = 11.54, 
P<.002) than the HIV-negative 
group. In contrast, a separate multi- 
variate analysis of variance based on 
rank scores indicated that the HIV- 
positive and HIV-negative groups did 
not differ in their ability to update and 
recall four paired associate items 
briefly held in immediate memory. Un- 
der focused attention conditions, the 
median was 87.5% correct (mean, 81.4) 
for the HIV-positive group relative to 
93.7% (mean, 93.2) for the HIV-nega- 
tive group. For the divided attention 
condition, the median percent correct 
was 85.6 (mean, 81.0) for the HIV-pos- 
itive group compared with 91.6% 
(mean, 88.9) for the HIV-negative 
group. The groups did not differ in 
Digit Span, WAIS-R. Thus, on su- 
praspan information, the HIV-posi- 
tive group performed less well on de- 
layed but not immediate recall of pas- 
sages, as well as in the storage and 
retrieval of a list of words. The groups 
did not differ in manipulating and 
maintaining information in immedi- 
ate memory. 

The Figure shows that in word list 
learning as measured by the Buschke 
Selective Reminding Task, there was a 
wide range of individual differences 
reflected in the distribution of re- 
trieval measures. Although many of 
the HIV-positive subjects performed 
as well as did the subjects in the HIV- 
negative group, a large subgroup of 
HIV-positive subjects clearly per- 
formed less well. 

As presented in Table 6, the HIV- 


Arch Neurol— Vol 47, April 1990 


positive group also showed a slowing in 
the processing of information on tasks 
measuring: (1) the speed of accessing 
overlearned information from long- 
term memory, as measured by the 
Posner Letter Matching Task, (2) on 
components of the Sternberg Task de- 
signed to measure short-term memory 
search speeds, and (3) visual scanning 
and discrimination speeds. An overall 
multivariate analysis of variance per- 
formed on these variables indicated a 
statistically significant (P « .03) dif- 
ference between the HIV-positive and 
HIV-negative groups. The HIV-posi- 
tive group was marginally slower in 
responding than the HIV-negative 
group on the paired associates task 
under the focused (1714.0 milliseconds 
vs 1517.6 milliseconds, respectively; 
F[1,43] = 3.21, P < .09), but not the 
divided, attention condition (1668.1 
milliseconds vs 1518.0 milliseconds, re- 
spectively; F[1,43] = 1.64, P = ns). For 
the Posner Letter Matching Task 
NI-PI variable, the HIV-positive 
group required an average 139.9 milli- 
seconds to access overlearned name 
codes, which was dramatically longer 
than the average 77.2 milliseconds re- 
quired by the HIV-negative group, 
F(1,43) = 10.59, P < .003. The HIV- 
positive and HIV-negative groups had 
similar short-term memory search 
speeds (ie, Sternberg slope values) 
averaging 62.7 and 55.1 milliseconds 
per item, respectively (F[1,43] = 0.41, 
P = ns). Finally, the HIV-positive and 
HIV-negative groups differed in fig- 
ural visual scanning speeds (75.9 sec- 
onds vs 62.2 seconds, respectively; 
F[1,43] = 5.10, P « .03). 

In an independent analysis, the non- 
search component (zero intercept val- 
ues) of the Sternberg Task believed to 
reflect the encoding and motor reac- 
tion times showed (F[1,43] = 13.04, 
P « .001) differences between the HIV- 
positive and HIV-negative groups 
(941.6 milliseconds vs 618.5 millisec- 
onds, respectively). 


Deviations From the Norms 


An attempt was made to determine 
the range of cognitive deficits in our 
HIV-positive subjects. The frequency 
of deviations greater than or equal to 
1as well as greater than or equal to 2 
SDs from the mean of the normative 
group was calculated for each of the 
traditional neuropsychological tests. 
Using these criteria for abnormality, 
the frequency of deviations from the 
mean performance levels of our HIV- 
negative control group was also exam- 
ined on the more experimental tasks as 
described in Tables 1 and 2. 

Using the previously described cri- 


teria, each test score for each individ- 
ual was classified as normal or abnor- 
mal. As noted by Tross and colleagues? 
thereis no standard approach for clas- 
sifying impairment. For our findings 
to be comparable with those presented 
by these investigators, normal was op- 
erationally defined as none or one ab- 
normal result, mild to moderate im- 
pairment was considered as two or 
three abnormal test scores, and severe 
impairment was defined as four or 
more abnormal results. The broad def- 
inition of normal was used to allow for 
one test score to deviate more than 1 
SD from the mean, since 1 SD cuts off 
a moderately sized portion (about 
16% ) of the population. 

Employing 1 or more SDs from the 
norm/control group mean as the crite- 
ria for abnormal performance, the per- 
centage of subjects with varying de- 
grees of abnormality are presented in 
Table 1 for the traditional neuropsy- 
chological and the experimental tests. 
Based on this criterion, 92% of the 
HIV-negative and 80% of the HIV- 
positive subjects had no impairment (0 
to 1 test) on the neuropsychological 
tests. Deviations were observed on two 
and three tests in 16% and 2% of the 
HIV-positive group compared with 8% 
and 0% of the HIV-negative group, re- 
spectively. Deviations were observed 
on four or more tests in only 2% of the 
HIV-positive subjects and in 0% of the 
HIV-negative subjects. Taken to- 
gether, these results indicate that the 
HIV-positive and HIV-negative sub- 
jects did not differ significantly in 
their performance on the traditional 
neuropsychological measures (Fish- 
er's Exact Test, P = .31). 

For the experimental speed of infor- 
mation processing and memory tasks, 
Table 1 shows the number of subjects 
who deviated 1 or more SDs from the 
mean performance levels of the HIV- 
negative group. No impairment (0 to 1 
test) was observed in 62% of the HIV- 
negative group compared with only 
26% of the HIV-positive group. In both 
groups 15% of the subjects had devia- 
tions from the mean on two as well as 
three tests. In contrast, 8% of the HIV- 
negative group had deviations on four 
of the experimental tests compared 
with 43% of the HIV-positive group, 
resulting in statistically significant 
differences between groups (Fisher's 
Exact Test, P < .03, two tailed). 

Table 2 presents the number of ab- 
normal results for the traditional and 
experimental tasks using a 2 or greater 
SD cutoff as the criterion for abnormal 
performance. For the traditional tests, 
100% of the HIV-negative subjects 
had no obvious impairment (0 to 1 test) 
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compared with 97% of the HIV-posi- 
tive subjects. One (2%) of the HIV- 
positive subjects deviated on three 
tests. None of the subjects showed im- 
pairment on four or more traditional 
tests. 

For the experimental tasks, Table 2 
shows that in the HIV-negative group, 
no impairment (0 to 1) was observed in 
92% of the subjects with the remain- 
ing 8% (1 of 13) deviating on two tests. 
In contrast, in the HIV-positive group 
46% of the subjects had no impairment 
(0 to 1). Thirteen percent and 20% de- 
viated 2 or more SDs from the mean on 
two and three tests, respectively. 
Twenty-two percent of the HIV-posi- 
tive group had scores that deviated 2 or 
more SDs from the mean on four or 
more experimental tasks compared 
with none in the HIV-negative group. 
These differences were statistically re- 
liable (Fisher's Exact Test, P < .03, 
two tailed). 


Experimentwise Error Rates 


The use of multivariate test statis- 
tics for the individual cognitive do- 
mains provides some protection 
against overinflation of the experi- 
mentwide error rate by evaluating 
overall group differences within each 
domain. However, since multiple mul- 
tivariate and independent univariate 
(ie, a priori) analyses were performed, 
an additional statement about the ex- 
pected percentage of type I errors is 
useful. Using Steinfatt's? post hoc ex- 
perimentwide estimation procedure, 
the overall error rate (alpha percent- 
age [alpha %]) for all multivariate and 
a priori univariate analyses was esti- 
mated to be approximately 0.067 (per- 
centage expressed as fraction). For the 
follow-up analyses within the two sig- 
nificant multivariate analyses (Verbal 
Memory [Table 5] and Processing 
Speeds [Table 6], alpha % = 0.065 and 
0.088, respectively. Alpha percentage 
has a lower bound equal to the target 
experimentwide alpha level. When al- 
pha % — 1.00, statistically significant 
results are considered to be occurring 
at the chance level. The error rate es- 
timates obtained for these analyses 
combine experimentwide target alpha 
levels of 0.01 and 0.05, and indicate 
that only 6% to 7% of the overall ob- 
served, statistically significant find- 
ings are likely to be due to chance. 


COMMENT 


The results indicate that the HIV- 
positive group performed less well 
than the HIV-negative group on tests 
designed to measure different aspects 
of short-term and long-term verbal 
memory processes as well as on certain 
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tasks measuring speed of processing 
both semantic and visual information. 

Our finding of verbal memory im- 
pairment among individuals with 
early HIV infection confirms the spon- 
taneous complaints of increased for- 
getfulness in HIV-positive patients.” 
It is possible that we were able to de- 
tect verbal memory impairment in the 
HIV-positive group due in part to our 
inclusion of a large number of tasks 
measuring different aspects of mem- 
ory processes. Our findings further 
suggest that the nature of the material 
to be learned and the type of recall 
conditions employed affect the pro- 
cesses involved in learning and retriev- 
ing information. Our HIV-positive 
group recalled immediately as many 
details about a brief meaningful story 
as the HIV-negative group, consistent 
with the findings of Tross and col- 
leagues? They employed, however, a 
20-minute delay and found no group 
differences; in contrast, when we used 
a 45-minute delay, significant deficits 
in recall emerged in our HIV-positive 
group. Based on theories of how the 
memory system operates, it is specu- 
lated that the theme of these stories 
remains in working memory for short 
periods of time, with minimal inter- 
ference from other activities. With 
prolonged recall intervals, however, 
the target information would be less 
likely to remain in working memory 
due to the greater interference pro- 
duced by the intrusion of numerous 
nonverbal tasks. Under such condi- 
tions, decreased recall likely reflects a 
failure to adequately consolidate in- 
formation into long-term memory 
and/or a difficulty in retrieval. Addi- 
tional findings suggest that at least 
some HIV-positive individuals were 
marginally slower in responding dur- 
ing paired associate learning. Further, 
there is evidence that both storage and 
retrieval of meaningful but unrelated 
information were diminished in a sig- 
nificant number of the HIV-positive 
subjects. 

A general slowing in performance 
has been viewed as a characteristic of 
the HIV infection.? Grant et al? ob- 
served a slowing and decreased accu- 
racy in subjects with AIDS, but not in 
theearlier stages of infection. The task 
required the subject to perform addi- 
tions, while maintaining and updating 
information in memory under vari- 
able-timed conditions. In other stud- 
ies, psychomotor slowing has been ob- 
served based on measures of finger- 
tapping speeds or on tasks performed 
under timed conditions. In our study a 
series of simple tasks was used to 
evaluate the speed of processing dif- 


ferent types of cognitive information. 
A number of the tasks were designed to 
disentangle the mental decision- 
making response times from the motor 
aspects of the task. The present results 
indicated that the HIV-positive group 
was as fast as the HIV-negative group 
in simple as well as two-choice visual 
reaction times. This suggests that the 
groups did not differ in simple psych- 
omotor response speeds or in the time 
required to press the response keys. 
Our HIV-positive subjects were, how- 
ever, slower than our HIV-negative 
subjects in manipulating specific types 
of cognitive information. 

The HIV-positive group evidenced a 
slowing in decoding information in se- 
mantic memory as measured by two 
different tasks. Based on the Posner 
Letter Matching task? measure of the 
NI-PI, the HIV-positive group re- 
quired significantly more time to de- 
code highly overlearned name codes in 
long-term memory, an elementary 
step in language comprehension. For 
the NI-PI measure, the 139.9 millisec- 
onds required by the HIV-positive 
group was significantly slower than 
the 77.2-millisecond decoding speed 
observed in our HIV-negative group, 
with the latter speeds within the range 
(60 to 80 milliseconds) typically ob- 
served in healthy young people." In 
comparison, the HIV-positive group 
was similar to the average 145 milli- 
seconds observed in healthy people 
more than age 65 years but not as long 
as the 280-millisecond speeds observed 
among the elderly with possible Alz- 
heimer's disease." Since the ability to 
recognize letters of the alphabet is 
typieally so overlearned that it be- 
comes an automatic process during 
reading, the magnitude of slowing in 
retrieving name codes during early 
HIV infection may possibly serve as a 
predictor of subsequent reading diffi- 
culties as the disease progresses. A 
slowing was also observed for the HIV- 
positive group on the nonsearch com- 
ponent (zero intercept value) of the 
Sternberg Memory Search Task"" 
where the recognition of the probe de- 
pends on the retrieval of information 
in long-term memory. In contrast, the 
actual short-term memory search 
speeds measured by the Sternberg 
Task were similar for the HIV-positive 
and HIV-negative groups. In addition, 
the HIV-positive group was margin- 
ally slower in responding during 
paired associate learning. A slowing in 
visual scanning and discrimination 
was observed in the HIV-positive 
group despite the fact that their accu- 
racy on visuospatial/visuoconstruc- 
tive tasks was comparable with the 
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HIV-negative group. Thus, on the pro- 
cedures measuring speed and perfor- 
mance under more rigorous timing, 
the difference between the HIV-posi- 
tive and HIV-negative groups becomes 
apparent. These results also suggest 
that early HIV infection may not be 
accompanied by a generalized slowing, 
but instead the slowing appears to be 
limited to specific types of mental de- 
cision-making operations. 

While there were apparent group 
differences between the HIV-positive 
and HIV-negative groups, the most 
striking aspect of the results was the 
wide variability within the HIV-posi- 
tive sample. While many HIV-positive 
subjects performed as well as the HIV- 
negative subjects on many tasks, there 
was a subsample that clearly per- 
formed significantly less well. At this 
time it is not clear whether this range 
of performance differences is due to 
individual differences in disease onset, 
disease progression, degree of central 
nervous system involvement, or other 
factors. 

There has been considerable interest 
in determining the incidence of cogni- 
tive impairment at different stages of 
HIV infection.^^? While there is gen- 
eral agreement that severe cognitive 
impairments frequently occur during 
AIDS, there is less consensus on the 
incidence of abnormalities during 
early HIV infection.*** Differences in 
incidence rates in the early stages of 
infection may in part be due to the use 
of different cognitive instruments and 
subject populations, as well as the use 
of different criteria for impairment.» 
As these investigators have noted, 
there is no widely accepted definition 
of cognitive impairment. Therefore, 
reported incidence rates should be in- 
terpreted with caution. 

In our study, we examined individ- 
ual scores based on both a 1- and 2-SD 
cutoff relative to normative/control 
group values. This allowed us to exam- 
ine subtle changes in cognition as well 
as more significant cognitive dysfunc- 
tions in our HIV-positive subjects. In 
using the 1-SD cutoff, we employed the 
operational definition of impairment 
used by Tross and colleagues,’ using 
the same normative reference points 
when the same tasks and procedures 
were used. Although some of our ver- 
bal memory and computer presented 
tasks measuring processing speeds 
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have been widely employed in clinical 
as well as experimental settings with 
different age groups, 5" a paucity of 
published norms exists. For these 
more experimental tasks, impairment 
for the HIV-positive group was com- 
pared against the mean performance 
levels observed in our HIV-negative 
control group. It should be noted that 
the average performance of the HIV- 
negative control group was similar to 
the mean levels reported on these 
tasks for college students in approxi- 
mately the same age ranges as the 
subjects in this study. ^?5 On the 
more traditional neuropsychological 
tasks, the majority of the HIV-nega- 
tive as well as HIV-positive subjects 
showed no impairment (0 to 1 test), in- 
dependent of whether a 1- or 2-SD cri- 
terion for abnormality was used. Ac- 
cordingly, the 92% incidence of no im- 
pairment in the HIV-negative group 
increased to 100% as the cutoff in- 
creased from 1 to 2 SDs from the mean, 
with corresponding figures for the 
HIV-positive group being 80% and 
97%, respectively. Under the 1-SD cut- 
off, only 2% of the HIV-positive sub- 
jects deviated on both three and four 
or more traditional tests. Under the 2- 
SD cutoff, 2% deviated on three tests 
compared with none on four or more 
tests. These results are in part based 
on tasks measuring language function 
that tends to remain relatively stable, 
partieularly in the early stages of dif- 
fuse degenerative disorders in which 
there is predominant subcortical in- 
volvement.? A number of tasks were 
included to measure visual spatial and 
reasoning processes that are known to 
be sensitive to biological changes such 
as age,” certain drugs such as the 
benzodiazepines,” and HIV infection 
during the late stages of AIDS.” 
Therefore, it is of interest to find that 
our early HIV-positive subjects did not 
deviate far from the norms on these 
particular measures. 

On those experimental tasks mea- 
suring information processing speeds 
and certain verbal memory processes, 
43% (20 of 46 subjects) in the HIV- 
positive group were 1 SD from the 
mean of the HIV-negative control 
group on four or more tests with the 
incidence declining to 22% (10 of 46 
subjects) for the 2-SD cutoff; corre- 
sponding figures for the HIV-negative 
group were 8% and 0%, respectively. 
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The Contribution of Multicenter Trials to 
Stroke Prevention and Treatment 


H. J. M. Barnett, MD 


Uii the second half of this decade, 

neurologists interested in stroke 
felt little need for critical studies eval- 
uating therapeutic measures. Neither 
Stroke prevention nor specific treat- 
ment of patients who had signs of in- 
farction offered promise. Detailed 
study of individual patients was of im- 
portance mainly to assess the probable 
prognosis. The imaging methods of the 
day were inexact, uncomfortable, and 
not without risk. The situation has 
changed: there has been a dramatic 
decline in the occurrence of, and mor- 
tality due to, stroke; primary preven- 
tion measures collectively appear to 
have brought about this reduction; 
some effective secondary prevention 
measures are available now, and other 
new ones look promising; certain mea- 
sures to reduce the brain edema asso- 
ciated with infarction have been found 
to be ineffective, if not hazardous, and 
we are struggling with uncertainties 
about the others; putative measures 
for brain resuscitation are undergoing 
animal and early clinical trials; the 
possibility of actively dissolving 
thrombi in cerebral arteries is being 
explored. 


TREATMENT STRATEGIES 


The progress that has been made did 
not come from a single study, from the 
introduction of any “magic bullets," or 
from repeated casual observations. 
Small advances have been made on 
several fronts, but behind us and still 
ahead are a number of unsettled is- 
sues. To proceed with the evaluation of 
these treatment challenges, we can 
adopt one of several strategies: 

1. We can follow the hoary medical 
tradition of basing our judgment on 
anecdotal experience. This may be 
done by inviting the wise clinicians 
among us to declare their favorite 
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treatment strategies. We may even 
seek collective opinion by a show of 
hands at national gatherings about the 
value of an old treatment, or the prob- 
able value of a new treatment. A con- 
sensus conference is a more formal and 
elaborate mechanism than a show of 
hands: experienced experts come to- 
gether, pool all available knowledge, 
and try to produce a collective opinion 
about the best treatment. The sugges- 
tion has been made that if we carefully 
study each individual patient, we will 
find it easier to declare, by our experi- 
ence, what is best for his or her treat- 
ment program.’ This strategy, while it 
may comfort our patients by bestow- 
ing our personal attention and the us- 
age of expensive technology on them, 
still leads us to no more than empiri- 
cal decisions, utilizing treatments we 
hope will work to their advantage. Let 
us take the example of carotid endar- 
terectomy. Individual doctors have 
studied individual patients with in- 
creasingly sophisticated technology 
and on approximately 1 million occa- 
sions have advised this operation. In 
spite of this experience, we still cannot 
be definitive about its indications or its 
benefits. A second million patients 
studied without controls are not likely 
to solve our enigma. Burning issues 
remain unsolved despite the compila- 
tion of huge quantities of data from 
extensive uncontrolled experiences. 

2. In patients who are currently be- 
ing carefully studied, we can evaluate 
a new or an old treatment strategy, 
whether medical or surgical, and com- 
pare the results with (1) carefully 
studied patients from the past; (2) 
carefully studied patients not random- 
ized but contemporary; and (3) present 
patients utilized as their “own con- 
trol." It is impossible to espouse any of 
these alternatives. The decline of 
stroke alters the total background of 
expectancy for all stroke-threatened 
patients. The lack of true comparabil- 
ity bedevils all nonrandomized con- 
temporary comparisons. There is 
abundant evidence about the mislead- 
ing nature of the strategy of the use of 


"patients as their own controls" in 
chronic illness? 

3. Evaluating the betterment in 
nonclinical measurements, such as the 
restoration to normal of platelet func- 
tion, the improvement in regional ce- 
rebral blood flow, or even such a so- 
phisticated measurement as made by 
the positron emission tomographic 
scanner, which can detect changes in 
cerebral hemodynamics and metabo- 
lism, are not to be construed as evi- 
dence of a successful treatment unless 
these changes correlate with reason- 
able exactitude to clinical outcomes. 

4. Truly difficult decisions about 
treatment for chronic illness require 
randomized studies. They are expen- 
sive. They require the collective ener- 
gies and the time of expert clinical 
neurologists, methodologists, and bio- 
statisticians. Patients in trials have to 
understand the need for the trial and 
the meaning of randomization, and 
make a commitment to adhere to what 
is required of them for the duration of 
the trial.They need the assurance that 
they are going to be kept under closer 
surveillance than most of them have 
ever before experienced and that no 
proven therapy will ever be denied 
them. These are not niceties to please 
institutional review boards. Without 
all of them, the patients will be un- 
available for follow-up, resort to con- 
taminating therapy, or cross over to 
the other arm of the trial. Trials that 
are poorly designed, executed, or ana- 
lyzed are to be deplored. They are as 
useless as any of the weak techniques 
described above. 


ARGUMENTS IN FAVOR OF DISCIPLINED 
CLINICAL TRIALS 


The most convincing arguments in 
favor of disciplined clinical trials in 
Stroke prevention come from a consid- 
eration of the antithrombotic drugs 
and the surgical strategies. 


Anticoagulants 


Anticoagulants, such as heparin and 
coumadin, have been administered to 
patients with transient ischemic at- 
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tack (TIA) and stroke for a longer pe- 
riod of time than has elapsed since the 
first endarterectomy was performed. 
They are given to patients with TIA in 
the hope that they will prevent stroke. 
No data are available in the literature 
that do other than make this at best an 
unproven hypothesis and at worst an 
improbable and modestly dangerous 
hope. A careful trial, acceptable in all 
respects by today’s standards, has nei- 
ther been conducted nor reported. Mil- 
lions of patients have received these 
medications with no valid data sup- 
porting their use, nor yet much data 
denying their value. Suggestive evi- 
dence both denying and promising 
benefit appears from time to time, but 
uncertainty and imprecision stalk the 
scene. There can be only one way to 
answer this persisting enigma—a mul- 
ticenter clinical trial. 

Progressing stroke is not on more 
certain ground as an indication for an- 
ticoagulants. Two recent studies, one 
randomized, suggest that their use is 
of dubious value.*4 The condition is 
sufficiently common to ensure that a 
multicenter trial would be feasible. 
The evidence that many patients with 
progressing stroke are examples of 
progressing thrombosis is sufficiently 
sparse to make many clinician unwill- 
ing to make a commitment to such a 
trial. This reluctance relates to the 
lack of strong evidence supporting the 
rationale rather than to a dislike of 
multicenter trials. 

Thromboembolic cerebral events 
arising from cardiac sources have been 
found to be responsive to anticoagu- 
lants in a number of pilot studies using 
nonrandomized patients. The evidence 
gathered in a single small randomized 
trial’ of patients with recent myocar- 
dial infarction and cerebral ischemia 
was more convincing than all of these 
previous anecdotal observations. 


Platelet Inhibitors 


Platelet inhibitors have been sub- 
jected to increasingly large trials. This 
increase in size has been needed (1) 
because of the declining incidence in 
stroke, indicating that the population 
with TIA is at lower risk than hereto- 
fore; (2) because of the evidence of a 
lower-risk outlook for women with 
TIA’; (3) because the benefit has been 
of a lesser magnitude than earlier op- 
timistic calculations suggested; and (4) 
because knowledge about prostacyclin 
emerged and raised the possibility of a 
benefit from a lower dosage. Several 
certainties have emerged because of 
the conduct of multicenter trials with 
platelet inhibitors, none of which 
would have been affirmed with less 
strict methods of evaluation: 
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1. Sulfinpyrazone does not prevent 
stroke or death in patients with TIA or 
stroke.' 

2. Dipyridamole in conjunction 
with aspirin is of no more value in 
stroke prevention than is aspirin 
alone.*? 

3. Suloctidil does not prevent stroke 
or death in these patients.'? 

4. Aspirin reduces stroke, stroke 
death, and vascular death in a signif- 
icant manner. All trials with more 
than 500 patients, and collectively they 
aggregate nearly 6000 patients, have 
identified a benefit varying between 
20% and 50% reduction in stroke and 
stroke death or in stroke plus 
death.^511:2 

5. Ticlopidine hydrochloride pre- 
vents further stroke in stroke victims 
in a significant way and is superior to 
aspirin in preventing stroke in pa- 
tients with TIA.” 

Unresolved issues about the usage of 
platelet inhibitors have emerged. This 
is not a condemnation of the trials, but 
results from the close observations 
and the biological information that 
have emerged from the trials or during 
the time of their conduct. First, the 
question of aspirin therapy for women 
is not yet completely resolved. This 
will never be resolved without the 
multicenter trial strategy, however. 
The knowledge of this male/female 
difference in respect both to TIA and to 
aspirin therapy would not have 
emerged in the more casual practice of 
noncontrolled or imperfectly con- 
trolled single center trials. At the 
present time it is wrong to state that 
aspirin therapy is not effective in 
women. The accurate statement is that 
in two of the four large trials it was not 
shown to be beneficial, but in two oth- 
ers benefit was significant. Second, the 
optimum dosage of aspirin therapy is 
still uncertain. Theoretical evidence 
lends support to a low dosage. A very 
low dosage has not conferred benefit. 
A single-tablet dosage (300 mg) has 
been claimed, in the British trial, to be 
as beneficial as the larger and more 
traditional four-tablet dosage.* The 
patients in the placebo group in the 
British TIA trial enjoyed a prognosis 
that carried half the risk of that dem- 
onstrated in the placebo groups in the 
other large trials." It remains uncer- 
tain as to which dosage to prescribe. 
Multicenter clinical trials in progress 
at the moment should settle this, and 
itis evident that no other strategy will 
do it. 


Extracranial-Intracranial Arterial 
Bypass Surgery 


Extracranial-intracranial bypass 
surgery introduced the possibility of a 


novel approach to stroke prevention, 
and was greeted with enthusiasm and 
dedication by skilled surgeons who had 
learned the technique. It was also 
greeted with enthusiasm by most neu- 
rologists, who perceived a new thera- 
peutic advance for stroke-threatened 
patients unsuitable for carotid endar- 
terectomy. If the EC/IC Bypass 
Study'* had not been conducted, we can 
be reasonably assured that the 2000 
procedures performed in the United 
States during the year in which the 
trial ended (1985) would have risen to 
between 10000 and 15 000 by 1989. In- 
stead, only slightly more than 500 were 
carried out, and in the majority of 
centers that had previously been en- 
thusiastic about the procedure, none, 
or virtually none, are being performed 
in stroke prevention.'^!* 

Trials are expensive, but the health 
care system in the United States re- 
ceived something between a 75-fold 
and a 250-fold annual return on its in- 
vestment of one million dollars a year 
during the EC/IC Bypass Study as a 
direct result of the cessation of what 
proved, disappointingly, to be useless 
surgery for stroke prevention in ath- 
erosclerotic disease. 

The results of nonrandomized pilot 
studies in patients with “hemodynam- 
ic insufficiency” of cerebral blood flow 
as proved by positron emission tomog- 
raphy have been sufficiently disap- 
pointing as to rule out the likelihood 
that any centers will have enthusiasm 
or receive financial support for a mul- 
ticenter randomized trial involving 
such patients.’ 

The internal validity of the EC/IC 
Bypass Study has not been attacked. 
Questions have been raised about the 
generalizability of the results of this 
trial. These arguments were published 
and were based on casually collected 
retrospective data. They have been 
rejected by the majority of neurologic 
and neurosurgical practitioners. No 
data have been published by the critics 
or by any other studies to contradict 
the conclusions of the trial. 


Carotid Endarterectomy 


Carotid endarterectomy was the 
subject of two controlled trials.” Col- 
lectively, the trials failed to measure 
up to modern methodological stan- 
dards and modern techniques of radio- 
logical diagnosis and surgical and an- 
esthetic procedures. The small trial 
had a hopeless complication rate from 
surgery (35% ). It was abandoned. The 
large trial was flawed for the following 
reasons: 

1. The population was imperfectly 
chosen. A very substantial number of 
the patients had vertebrobasilar 
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rather than carotid symptoms. 

2. The sample size was too small: a 
mere 316 patients with unilateral dis- 
ease and cerebral symptoms of threat- 
ened stroke were randomized. 

3. The number of patients who were 
unavailable for follow-up was too high. 

4. The published primary analysis 
ignored the patients who did not sur- 
vive stroke-free for the period of hos- 
pitalization for the surgery.” This led 
to an early and, of course, incorrect 
claim of benefit in the initial publica- 
tions. 

There are those who believe that a 
further attempt to evaluate endar- 
terectomy will be too difficult. The 
prospect of evaluating a “standard” 
procedure has been said to be too for- 
midable. Furthermore, the medical 
community ignored the negative result 
of the last trial. The alternative is to 
repeat what has happened in the past 
35 years and simply to subject a second 
million patients to the procedure and 
compare the results with what we 
speculate might have happened with- 
out the operation. 

In spite of these difficulties, the Eu- 
ropeans and the North Americans are 
planning to complete major multi- 
center studies that by the time of this 
report should include 2000 patients in 
Europe and 800 to 900 in North Amer- 
ica. Ultimately they will have a com- 
bined total of 5000 to 6000 patients 
with the characteristics of symptom- 
atic patients who are generally being 
recommended at the present time for 
endarterectomy, but who are currently 
being sent for surgery on scientifically 
inadequate data. The large numbers of 
patients in both trials will allow the 
separate analysis of subgroups per- 
ceived to be at greater risk, including 
those with tight stenosis, those with 
ulcerative disease, those who have 
failed medical therapy to prevent TIA, 
those with frequent TIAs, and those 
with thrombi visualized beyond the 
stenotic segment. All of these sub- 
groups have been identified to be at 
higher risk, but no information has 
been published on any of them that 
gives clear indication that surgery is 
superior to best medical care for these 
groups. Being at greater risk does not 
automatically indicate that a proce- 
dure is more likely to be of benefit. The 
patients who were proved to be at 
greater risk in the EC/IC Bypass 
Study paradoxically did worse with 
surgery than did those of this type who 
were treated medically.” 


Ischemic Resuscitation 


Ischemic resuscitation has become a 
challenging possibility. The protean 
nature of ischemia and the spectrum of 


Arch Neurol—Vol 47, April 1990 


prognostic possibilities facing the in- 
dividual with a developed stroke com- 
pel us to evaluate these separate strat- 
egies in populations that are large 
enough to give statistically valid an- 
swers. It seems certain that, short of 
multicenter randomized trials, none of 
the strategies can be evaluated conclu- 
sively. The patients cannot serve as 
their own controls, nor can other pop- 
ulations not given these particular 
treatments be truthfully called com- 
parable populations. Expert neuro- 
logic input and meticulous trials are 
demanded and expected. Because the 
possibility exists that combinations of 
these strategies will have to be tested, 
the multicenter trial will be even more 
in demand and population sizes will 
have to be larger for the evaluation of 
combined therapy than they will for 
the evaluation of single therapy. 


Antifibrinolytic Agents 


The use of antifibrinolytic agents, 
when evaluated in a randomized trial 
after their first introduction, was 
abandoned because of the complica- 
tion of intracranial bleeding.” The ear- 
lier-administration protocol proposed 
with the newer agents is more de- 
manding than that used in almost any 
stroke prevention trial heretofore at- 
tempted. It would be unacceptable, and 
indeed reckless, to introduce these 
agents without meticulous but admit- 
tedly arduous multicenter strategy. 


OTHER ADVANTAGES OF MULTICENTER 
TRIALS 


Multicenter trials for stroke-threat- 
ened patients have other particular 
advantages: 

1. The patients are prospectively 
followed up, studied on a carefully de- 
signed protocol, and more closely scru- 
tinized than any other populations. All 
details of therapy receive scrupulous 
attention during the entire period of 
follow-up. Hypertension and other 
risk factors are under continuing close 
scrutiny. This personalized and metic- 
ulous care benefits the patients even if 
the proposed new treatment proves 
disappointing. 

2. Imperfections in the gathering of 
clinical data, in laboratory investiga- 
tions, and in radiological technique are 
not tolerated in multicenter trials. 
Poor practice methods come under 
close scrutiny and improve. 

3. New concepts emerge and lead to 
further clarification of biological phe- 
nomena. For example, the recognition 
of continued ischemic events in an ar- 
tery territory, despite occlusion,” the 
prognosis in interesting subgroups of 
stroke-threatened patients,” and the 
prolapsing mitral valve as a cause of 


stroke? all emerged as spin-offs of 
previous multicenter trials. 

4. The profession provides the data 
for the decision making of both the 
practitioners and the bureaucrats. 
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Controlled Clinical 
A Misused Tool 


John Marshall, MD 


Although there are examples of con- 
trolled clinical trials as far back 
as biblical times (Book of Daniel 1:12- 
15), the modern scientific approach be- 
gan in 1834, when Louis' published his 
Essay on Clinical Instruction. In it, he 
laid down the principles that have re- 
mained largely unchanged, including 
the need for precise definition of the 
disease to be treated. Trials at the turn 
of the present century were largely in 
the preventive field of vaccination and 
immunization. It was after World War 
II, with the advent of antibiotics, that 
trials in the therapeutic field began to 
appear in large numbers. 


The early therapeutic trials were ' 


simple in design: a therapeutic agent 
shown to be highly effective in vitro 
was tested in vivo against a known in- 
fective agent with sharp end points. 
The Medical Research Council’ trial of 
streptomycin in primary pulmonary 
tuberculosis in 1948 provides the clas- 
sic example. 

The extension of controlled trial 
methodology to cerebrovascular dis- 
ease brought many difficulties. Precise 
definition of the pathophysiological 
process to be treated (a basic requisite 
of Louis) was lacking; strokes and 
transient ischemic attacks (TIAs) are 
not diseases but clinical phenomena 
caused by a number of pathophysio- 
logical processes. Evidence of the effi- 
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ficacy of therapy with anticoagulant or 
antiplatelet agents in vitro was not as 
convincing as that for antibiotics 
against infective agents. End points 
other than death are open to measure- 
ment errors. 

Despite these difficulties, controlled 
trials in cerebrovascular disease were 
undertaken, and rightly so, as this im- 
portant area of medicine could not be 
left to clinical impression. Attempts 
were made to overcome the difficulties 
by the performance of large multi- 
center trials that were undertaken 
with the aim of eliminating through 
randomization of large numbers the 
effects of variables that could not be 
controlled or even recognized. The pur- 
pose of this article is to show that this 
strategy, despite the care with which it 
has been executed, has not been suc- 
cessful. Two examples will be pre- 
sented in support of this thesis. 

The first involves the trials of aspi- 
rin and other antiplatelet agents in 
TIA. A TIA is defined as a focal distur- 
bance of neurologic function lasting 
less than 24 hours and attributable to 
vascular disease. Its significance is 
that it often gives warning of stroke. 
An important end point for any ther- 
apy is, therefore, its efficacy in pre- 
venting stroke. A TIA may be hemo- 
dynamic or caused by emboli, which 
may consist of platelets or more orga- 
nized material. Therefore, aspirin can- 
not be expected to prevent stroke in 
every case. The hope is that random- 
ization of large numbers would cope 
with this problem. 

There have been eight major trials 
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of aspirin in TIA, all of which took 
stroke prevention as one end point. 
That of Fields et al? showed no signif- 
icant difference between treated and 
control groups in this respect; it was 
only when stroke prevention was com- 
bined with other end points that a sig- 
nificant result emerged. In the Cana- 
dian Cooperative Study,’ there was a 
significant difference in stroke preven- 
tion, but for men only. The trial of 
Bousser et al’ showed a benefit for men 
and women, but as 84% of the subjects 
had strokes not TIAs, it cannot be con- 
sidered a trial of aspirin in TIA. Three 
further trials** showed no significant 
difference. 

There remain two more recent large- 
scale trials. The United Kingdom TIA 
aspirin trial? showed no significant 
difference in nonfatal stroke preven- 
tion, but when nonfatal stroke preven- 
tion was combined with prevention of 
myocardial infarction, there was a 
marginally significant difference. The 
European Stroke Prevention Study,” 
using aspirin plus dipyridamole, 
showed a highly significant difference 
in nonfatal stroke prevention but two 
thirds of the patients had strokes, not 
TIAs. 

Therefore, if a woman who has ex- 
perienced a TIA asks whether the ev- 
idence shows that taking aspirin will 
significantly reduce her risk of stroke, 
the answer must be no. Despite this, 
the benefits of aspirin have been pro- 
moted uncritically. An editorial in the 
journal Stroke that discusses the fail- 
ure of the three trials to show benefit 
declared, “Past multiple center studies 
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have always shown significant differ- 
ences in favor of aspirin over placebo," 
which hardly gives a total picture. 
The second example of the failure of 
the strategy of the large multicenter 
trial is provided by the 1377 patients 
allotted to extracranial-intracranial 
arterial bypass or best medical treat- 
ment following an ischemic event in 
the territory of a narrowed or occluded 
internal carotid artery. There was no 
significant difference between the 
groups. However, positron emission 
tomography has shown that after ca- 
rotid occlusion there are three patho- 
physiological groups of patients: those 
with normal circulation to the affected 
hemisphere achieved by collaterals; 
those with a fall in the cerebral blood 
flow/cerebral blood volume ratio re- 
flecting vasodilation; and those with 
increased oxygen extraction on the af- 
fected side. It is hardly surprising that 
no benefit is demonstrable when an 
operation designed to correct a partic- 
ular pathophysiological disturbance is 
performed in a group of patients in 
which most of the patients do not have 
that disturbance. The trial may have 
been valuable in deterring indiscrimi- 
nate use of the operation but has not 


advanced management of cerebrovas- 
cular disease. 

This thesis is not being put forward 
as an attack on clinical trials. To re- 
turn to clinical impressions would be 
completely unacceptable. The point is 
that randomization of large numbers 
would hopefully eliminate the effect of 
contamination by conditions unlikely 
to respond to the therapy. In the words 
of the UK-TIA Study Group,’ “Having 
spent nearly 10 years designing, fund- 
ing, conducting and analysing this 
study, we are frustrated to conclude 
that its results cannot stand alone.” 
We should therefore return to trials of 
therapy in small well-defined patho- 
physiological categories. Modern in- 
vestigative techniques make this a 
practical policy. As research resources 
become more limited, the need to de- 
ploy them in the most effective manner 
assumes great importance. The large 
multicenter trial in cerebrovascular 
disease may no longer be the best way 
forward, as the experience of the two 
examples given clearly shows. 
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Never before have multicenter trials 
been so widespread, nor so conten- 
tious. Barnett points to the remark- 
able progress in stroke prevention, and 
argues that it largely flows from the 
results of multicenter trials. Marshall 
agrees that clinical trials rather than 
clinical impressions are the appropri- 
ate method of evaluating therapy but 
maintains that one of the basic tenets 
of a controlled trial, ie, precise defini- 
tion, is seldom adhered to because of 
the multiple causes and clinical diver- 
sity of stroke. Marshall also questions 
the ability of randomization to elimi- 
nate the effects of variables that can- 
not be controlled or even recognized. 
He advocates small trials of well-de- 
fined pathophysiological categories. 
Small trials are feasible and desir- 
able in conditions that have a high 
mortality or a high probability of a 
clinically meaningful event. The 
much-touted first modern clinical trial 
of streptomycin in primary pulmonary 
tuberculosis may have been obviated if 
streptomycin had been used initially in 
tuberculous meningitis, which is 
nearly always fatal. It would only have 
required a handful of successfully 
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treated patients to demonstrate effec- 
tiveness. By contrast, patients with 
cerebrovascular disease have a much 
lower mortality and morbidity and are 
at equal risk of having a heart attack 
as they are of having a stroke, making 
the identification of pure pathophysio- 
logical subtypes difficult and the re- 
quirement of statistically significant 
numbers unachievable in a single cen- 
ter. Randomization is indeed a mis- 
used tool, but remains the best method 
available to minimize the influence of 
unidentified factors on outcome. Phys- 
iological measurements can comple- 
ment but not substitute the evaluation 
of clinical outcomes. As Barnett points 
out, the patients with the greatest 
hemodynamic compromise were 
expected to benefit the most from an 
extracranial-intracranial procedure, 
but, paradoxically, they fared the 
worst! Also paradoxically, the easiest 
way to identify small, well-defined 
pathophysiological categories of cere- 
brovascular disease is in the context of 
controlled multicenter trials. Without 
the large numbers of patients being 
examined and followed up systemati- 
cally in one such trial, it would have 
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been difficult to establish that occluded 
carotid arteries can continue to embo- 
lize and that mitral valve prolapse can 
lead to stroke. 

Poor studies of any size are worse 
than no studies at all. The cerebro- 
vascular literature is littered with 
small, tantalizing but inconclusive 
studies. The standards must rise and 
so must the quality of the reporting. 
The adoption of a standardized, ex- 
plicit method of reporting studies, 
similar to that advocated for ab- 
stracts,' would allow quick scrutiny 
and comparative analyses. The greater 
the number of studies indicating an 
effect in different populations studied 
intensively with modern techniques, 
the easier it will be to extrapolate to 
the individual patient. Both contribu- 
tors agree that a return to clinical im- 
pressions would be completely unac- 
ceptable.— VLADIMIR HACHINSKI, MD, 
DSc (Med) 
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For migraine patients who suffer frequent or severe attacks, 
relying on abortive therapy may result in more “headaches” 
than it's worth—especially when prophylaxis is so easy. 


Important advantages over 
abortive therapies 
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the improved quality of life INDERAL LA affords their patients. 
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tain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
hypertension or angina where there is little correlation between plasma levels and clinical 
effect, INDERAL LA has been therapeutically n to the same mg dose of conventional 
INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
effective beta blockade for a 24-hour period 


INDICATIONS AND USAGE. — INDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 
hypertensive emergencies 
Angina Posto Due to Coronary Atherosclerosis: INDERAL LA is indicated for the 
long-term management of patients with angina pectoris 
ligraine: INDERAL LA is indicated for the prophylaxis of common migraine headache 
The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use 
ic Subaortic Stenosis: INDERAL LA is useful in the management of hyper- 
trophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
angina, palpitations, and syncope. IN ERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation 
Clinical improvement may be temporary. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock, 2) sinus 
bradycardia and greater than first-degree 
block; 3) bronchial asthma; 4) congestive heart 
failure (see WARNINGS) unless the failure is 
secondary to a tachyarrhythmia treatable with 
INDERAL 


WARNINGS. CARDIAC FAILURE. Sympa- 
thetic stimulation may be a vital component 
supporting circulatory function in patients with 
congestive heart failure, and its inhibition by 
beta blockade may precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, if nec- 
essary, they can be used with close follow-up in 
patients with a history of failure who are well 
compensated and are receiving digitalis and 
diuretics. Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on 
heart muscle 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible) 
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IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, Lai abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it Le 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic 





heart disease who are given propranolol for other indications 


Nonallergic Sreneneee (eg, chronic Ere: aspi PATIENTS 
WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 


BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta receptors 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a com etitive inhibitor of beta-recep- 
tor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
or isoproterenol. However, such patients may be subject to protracted severe hypotension 
Difficulty in starting and maintaining the heartbeat has also been reported with beta blockers 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
A T4 and reverse T3, and red 3. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
[oqvung g demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with im- 
pone hepatic or renal function. INDERAL (propranolol HCI) is not indicated for the treatment of 
ypertensive emergencies. 





RAL LA 





Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should 
betold that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to a 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients e. catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL (propranolol pu is administered. The added 
catecholamine-blocking action may produce an excessive re uction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous vera] amil, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the Concomi- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma 
levels of both drugs 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
propranolol 

Thyroxine may result in a lower than expected Ta concentration when used concomitantly 
with propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels 

Theophylline clearance is reduced when used concomitantly with propranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effects 
at any of the dosage levels, Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug. 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used durin pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 
rdiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
d lype. 
entral Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an 
acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 
mance on neuropsychometrics. For immediate 
formulations, fatigue, lethargy, and vivid 
dreams appear dose related 
Gastrointestinal: Nausea, vomiting, epigas- 
tric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, 
ischemic colitis 
Allergic: Pharyngitis and agranuloc: tosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and respira- 
tory distress 
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Respiratory: Bronchospasm j 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been 
reported 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 

and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving 


the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have not 
been associated with propranolol 


DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple -for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. ‘etitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for fuil hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS — Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

m If Medici, is to be discontinued, reduce dosage gradually over a period of afew weeks (see 

JARNIN 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA therapy should 
be o a It may be advisable to withdraw the drug gradually over a period of several 
weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 

*The appearance of these capsules is a registered trademark of Ayerst Laboratories. 
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Reminiscences 


Treatment of Aneurysmal Subarachnoid Hemorrhage 


Charles D. Aring, MD 


I^ the olden days, the analysis of 
cerebrospinal fluid (CSF) was im- 
portant in clinical neurology. Those 
were also the early days of neuroradi- 
ology, then characterized as the test 
that cost the most, and told us the 
least. Practically every patient ad- 
mitted on the neurology service of the 
Boston City Hospital (BCH) had both 
tests performed for there was little 
else besides clinical acumen. Air en- 
cephalography was available. There 
was no arteriography or isotope scan- 
ning and, of course, none of the modern 
imaging techniques. There was begin- 
ning contrast study of the spinal canal 
and an occasional air myelogram. 

In the early 1930s, H. Houston Mer- 
ritt and Frank Fremont-Smith of the 
neurology staff of the BCH were col- 
lecting statistical data for their book 
about the CSF. Following my first year 
in neurology there, and before my chief 
residency, I transferred to child neu- 
rology at the Boston Children’s Hospi- 
tal with Bronson Crothers and his 
group for the better part of a year 
(1933). This move occasioned Merritt 
to request that I collect CSF data in 
children, which, of course, I was de- 
lighted to do. 

In those long ago times, obtaining 
and analyzing the CSF was done with 
nothing short of reverence. There was 
a special laboratory for CSF in the 
neurological unit of the BCH where 
nothing else was processed. The sta- 
tistics of CSF were compiled with such 
care that the house staff devised a 
game with Merritt, who had every CSF 
statistic in his head and was more 
adept at games than most, to say 
nothing of clinical diagnosis. The res- 
idents would present him the record of 
a number of CSF studies undergone by 
a patient whom Merritt had neither 
seen nor heard about, requesting his 
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diagnosis without any other informa- 
tion about the patient. As always, his 
performance was impressive, endear- 
ing him further to the residents, who 
delighted in his keen diagnostic acu- 
men as well as his wit, warmth, and 
integrity. 

The forgoing is to say that I never 
again witnessed the care taken with 
CSF as was the case during that era at 
the neurological unit of the BCH. In 
1937, Merritt and Fremont-Smith' 
published their useful and reliable di- 
agnostie compendium on the CSF. 

The CSF was of such moment that 
rather naturally we sometimes treated 
it, of course trying not to lose sight of 
the "holistic" approach practiced and 
taught by the chief, Stanley Cobb. One 
of the conditions where this pertained 
was subarachnoid hemorrhage from 
aneurysm. In reverie, I still see the 
charts we made recording serial taps. 
But even more impressive was the 
benefit afforded these patients by se- 
rial tapping. 

I was of the era marked by the relin- 
quishment of the therapy of subarach- 
noid hemorrhage to neurosurgery. The 
result over the years was the more that 
I saw of the exclusivity of surgical 
treatment of subarachnoid hemor- 
rhage, the greater the urge to once 
again call attention?? to the medical 
treatment, which had appeared to ob- 
viate the more devastating complica- 
tions. Despite the increasing neurosur- 
gical expertise and the development of 
equipment for broadening the ap- 
proach to aneurysms almost regard- 
less of locale in the cerebral circula- 
tion, there remains the concern about 
morbidity and mortality, unchanged 
for well over a half century. 

As far as I know, the successful 
direct approach to an aneurysm was 
instigated in 1931, when Norman Dott 
had packed muscle around an aneurys- 
mal sac. Two years later he reported’ 
that the patient remained well. 

In 1911 Harvey Cushing’ had devised 
the silver clip to control intracranial 
bleeding inaccessible to ligature. On 


March 3, 1937, Walter Dandy’ first in- 
stalled the silver clip on the neck of an 
aneurysm, curing the patient and, in 
one fell swoop, revolutionizing treat- 
ment. Prior to these operations the 
treatment of subarachnoid hemor- 
rhage had been medical, except for 
occasional ligation of the internal 
carotid artery to reduce the pressure 
within an aneurysm upstream, to fa- 
vor clotting. Medical treatment con- 
sisted mainly of prolonged bed rest 
with the patient made as comfortable 
as the ward allowed. Pain, nutrition, 
and excretions were monitored with 
care. The sheet anchor of therapy was 
a daily or twice daily lumbar puncture 
for as long as intracranial pressure 
was increased. This pressure was re- 
duced by half in any tap. 

The CSF was analyzed with the care 
already described, and was charted on 
a special form, including the appear- 
ance of the fluid. If bloody, it was cen- 
trifuged and the degree of xanthochro- 
mia was noted. Clotting, if any, was 
noted. The initial and final pressures 
were recorded, as was the number of 
red and white blood cells, counted in 
a hemocytometer before centrifuging. 
The total protein content was also de- 
termined before centrifuging, and a 
serological test for syphilis was ob- 
tained on the fluid early in the course 
and also later, when the blood had 
cleared from the CSF. 

In 1938 Merritt’, my teacher, col- 
league, and friend wrote about our 
treatment of primary subarachnoid 
hemorrhage as pursued at the BCH. I 
will summarize the pertinent material 
from Merritt’s article; I am in accord 
with all he said about the treatment in 
which we partook. He (and I) gathered 
no statistics; we thought we had the 
ultimate in therapy. He noted in this 
article that primary subarachnoid 
hemorrhage was especially amenable 
to treatment by lumbar puncture; in- 
tracranial pressure was reduced and 
the removal of blood tended to allevi- 
ate meningitic symptoms. Sufficient 
fluid was removed to bring the intra- 
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cranial pressure within normal limits. 

Rebleeding was not found associated 
directly with multiple tapping. Lum- 
bar puncture afforded relief of head- 
ache and other symptoms and signs of 
sterile meningitis. Without lumbar 
puncture, suffering was more, the 
course of the illness was prolonged, 
and the mortality was considerably 
higher. 

Merritt wrote that the danger of 
lumbar puncture in patients with sub- 
arachnoid hemorrhage had been over- 
emphasized. No basis existed for the 
hypothesis that the removal of fluid by 
lumbar puncture tended to increase 
the hemorrhage. As a matter of fact, 
empirically this had been found to be 
untrue. The frequency of puncture was 
governed by the rapidity of the return 
of symptoms, and by the level of in- 
tracranial pressure found at the im- 
mediately previous tap. In the average 
patient two or more punctures were 
required daily for 2 to 3 days, single 
punctures for the next 3 to 6 days, and 
occasional taps in the ensuing 2 weeks, 
said Merritt. 

With a CSF pressure below 180 mm 
H,0 on two or more subsequent punc- 
tures, done several days apart, further 
taps were not needed, provided that 
most of the blood, as determined by 
quantitative cell count, had been re- 
moved by this time. 

For the first 2 or 3 days in the usual 
patient, the pressure rose rapidly to or 
near its original level within 12 to 24 
hours after each puncture. Merritt 
said that this was due to the more 
rapid formation of CSF that resulted 
with meningeal irritation, and impair- 
ment of the absorption of fluid result- 
ing from the plugging of arachnoid 
villi by blood. After 3 to 4 days, the 
pressure became progressively lower 
at each subsequent puncture. The pres- 
sure was usually normal after 10 to 12 
days. The fluid, frankly bloody in the 
first few punctures, gradually became 
less bloody and more xanthochromic 
for 5 to 8 days, when the xanthochro- 
mia began to fade. The CSF was en- 
tirely normal by the 15th to the 20th 
day. Should hemorrhage recur, the 
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procedure just outlined was repeated. 

Drugs for the direct control of hy- 
pertension were not available during 
the era described. Patients required 
less pain medication when they were 
being tapped serially. In 1956, Slos- 
berg*'? introduced the method of in- 
duced hypotensive treatment of sub- 
arachnoid hemorrhage from aneu- 
rysms, and has championed this 
medical therapy during the subse- 
quent decades. 

Ever since Dandy installed a silver 
clip on the neck of an aneurysm, the 
care of these patients was transferred 
more or less gradually to surgeons. The 
considerable benefit conferred by se- 
rial spinal drainage with the removal 
of degradation products of blood was 
lost sight of, and other remedies were 
sought to combat neurological deteri- 
oration, which, if it supervened, did so 
some 3 to 8 days and rarely as late as 
the 17th day, after subarachnoid hem- 
orrhage. In 1951, Ecker and Riemen- 
schneider" demonstrated vasospasm 
in the arteriogram of patients with 
subarachnoid hemorrhage. 

When these patients were afforded 
spinal drainage, via daily taps, occa- 
sional rebleeding was found, indicated 
particularly by an increase in number 
of red blood cells in the CSF as deter- 
mined by quantitative counting with 
the hemocytometer. Some of these re- 
bleedings occasioned no awareness in 
patients. They may have been rela- 
tively asymptomatic because of the 
previous serial tapping. Slosberg (per- 
sonal communication, May 8, 1983) has 
not considered vasospasm important 
in his patients who were treated med- 
ically for subarachnoid hemorrhage. 
He responded on May 8, 1983, to my 
query about it with the following: 
“Vasospasm has not yet been a signif- 
icant factor in more than 27 consecu- 
tive years of treating these patients.” 

How can the experience that I have 
described be used today for the benefit 
of patients suffering subarachnoid 
hemorrhage from aneurysm? With the 
availability of skilled neurosurgeons 
who like to do this kind of surgery, I 
subscribe to prompt surgical treat- 
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ment of those aneurysms readily ap- 
proachable. For patients who do not 
want surgery, or in those who for any 
reason operation would be too hazard- 
ous from the standpoint of morbidity 
or mortality, I believe the medical 
treatment that Merritt and I have de- 
scribed should be actively pursued. 

Patients who have had their aneu- 
rysms isolated successfully from the 
cerebral circulation are also likely to 
benefit from spinal taps, to reduce the 
amount of irritating material in the 
CSF circulation, particularly if the 
CSF pressure is increased. Granted 
that tapping will not remove all for- 
eign matter, which is mainly the deg- 
radation products of blood, but tap- 
ping will remove enough of it so as to 
alleviate symptoms and perhaps pre- 
vent hydrocephalus and devastating 
vasospasm. Such CSF should receive 
the careful analysis as has been de- 
scribed herein to get every bit of in- 
formation to assist in the evaluation of 
the patient's course. 

It is not unusual that therapy in 
general be regarded as either medical 
or surgical, one to the exclusion of the 
other. Today, the treatment of sub- 
arachnoid hemorrhage from aneu- 
rysm serves to illustrate this di- 
chotomy," the division into two, more 
or less mutually exclusive treatments. 

If what Merritt’ and I? have written 
is correct, and I believe it is, the patient 
with aneurysmal subarachnoid hem- 
orrhage can be afforded more relief 
than he is likely getting. It seems 
fitting to close with Sir Robert 
Hutcheson’s" devout petition. 


From the inability to let well enough 
alone; from too much zeal for the new 
and contempt for what is old; from 
putting knowledge before wisdom, sci- 
ence before art, and cleverness before 
common sense, from treating patients 
as cases and from making the cure of 
the disease more grievous than the en- 
durance of same, good Lord, deliver us. 
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and for his suggestions. 
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Bellafoline* (levorotatory alkaloids of belladonna) $ 
pentobarbital, USP 
Warning: May be habit forming. 


Inactive Ingredients: tartaric acid, NF, malic acid, NF, and cocoa butter, NF. 


Cafergot Suppositories and Catergot P-B Suppositories are sealed in foil to afford protection from cocoa 
butter leakage. If an unavoidable period of exposure to heat softens the suppository, it should be chilled 
in ice-cold water to solidify it before removing the foil. 


ACTIONS: Ergotamine is an alpha adrenergic blocking agent with a direct stimulating effect on the smooth 
muscle of peripheral and cranial blood vessels and produces depression of central vasomotor centers. 
The compound also has the properties of serotonin antagonism. In comparison to hydrogenated ergotamine, 
the adrenergic blocking actions are less pronounced and vasoconstrictive actions are greater. 

Caffeine, also a cranial vasoconstrictor, is added to further enhance the vasoconstrictive effect without 
the necessity of increasing ergotamine dosage 

For individuals experiencing excessive nausea and vomiting during migraine attacks the further addition 
of the anticholinergic and antiemetic alkaloids of belladonna and pento arbital for reduction of nervous 
tension has been provided. 

Many migraine patients experience excessive nausea and vomiting during attacks, making it impossible 
for them to retain any oral medication. In such cases, therefore, the only practical means of medication 
is through the rectal route where medication may reach the cranial vessels directly, evading the splanchnic 
vasculature and the liver. 


INDICATIONS 
Catergot 

Indicated as therapy to abort or prevent vascular headache, e.g., migraine, migraine variants, or S0- 
called "histaminic cephalalgia". 
Cafergot P-B 

Indicated as therapy to abort or prevent vascular headache complicated by tension and gastrointestinal 
disturbances. 


CONTRAINDICATIONS: Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic 
or renal function, sepsis and pregnancy. 
Hypersensitivity to any of the components. 


PRECAUTIONS: Although signs and symptoms of ergotism rarely develop even after long term intermittent 
use of the orally or rectally administered drugs, care should be exercised to remain within the limits of 
recommended dosage. 

Ergotism is manifested by intense arterial vasoconstriction, producing signs and symptoms of peripheral 
vascular ischemia. Ergotamine induces vasoconstriction by a direct action on vascular smoot muscle. 
In chronic intoxication with ergot derivatives, headache, intermittent claudication, muscle pains, numbness, 
coldness and pallor of the digits may occur. If the condition is allowed to progress untreated, gangrene 
can result. 

While most cases of ergotism associated with ergotamine treatment result from frank overdosage, some 
cases have involved apparent ityperweneltvily There are few reports of ergotism among patients taking 
doses within the recommended limits or for brief periods of time. In rare instances, patients, particularly 
those who have used the medication indiscriminately over long periods of time, may display withdrawal 
symptoms consisting of rebound headache upon discontinuation of the drug. 

There have been reports of drug abuse and psychological dependence in patients on Cafergot® [ergotamine 
tartrate and caffeine) therapy. Due to the chronicity of vascular headaches, it is imperative that patients 
be advised not to exceed recommended dosages with long-term use to avoid ergotism. 


ADVERSE REACTIONS: Vasoconstrictive complications, at times of a serious nature, may occur These include 
pulselessness, weakness, muscle pains and paresthesias of the extremities and precordial distress and 
pan, Although these effects occur most commonly with long-term therapy at relatively high doses, they 
ave also been reported with short-term or normal doses. Other adverse effects include transient tachycardia 
or bradycardia, nausea, vomiting, localized edema and itching Drowsiness may occur with Cafergot® P-B. 


DOSAGE AND ADMINISTRATION 
Procedure: For the best results, dosage should start at the first sign of an attack— 
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2 tablets at start of attack; | additional tablet 
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Early Administration Gives Maximum Effectiveness 


MAXIMUM ADULT DOSAGE 
Orally: Total dose for any one attack should not exceed 6 tablets. 
Rectally: Two suppositories is the maximum dose for an individual attack, 


Total weekly dosage should not exceed 10 tablets or 5 suppositories. , 
In carefully selected patients, with due consideration of maximum dosage recommendations, administration 
of the drug at bedtime may be an appropriate short-term preventive measure. 


OVERDOSAGE: The toxic effects of an acute overdosage of Cafergot (ergotamine tartrate and caffeine) 
are due primarily to the ergctamine component. The amount of caf eine is such that its toxic effects will 
be overshadowed by those of ergotamine. Symptoms include vomiting, numbness, tingling, pain and cyanosis 
of the extremities associated with diminished or absent peripheral pulses; hypertension or hypotension; 
drowsiness, stupor, coma, convulsions and shock. A case has been reported of reversible bilateral papillitis 
mn ring scotomata in a patient who received five times the recommended daily adult dose over a period 
of 14 days. 

Treatment consists of removal of the offending drug by induction of emesis, gastric lavage, and catharsis. 
Maintenance of adequate pulmonary ventilation, correction of hypotension, and control of convulsions are 
important considerations. Treatment of peripheral vasospasm should consist of warmth, but not heat, and 
protection of the ischemic limbs. Vasodilators may be used with benefit but caution must be exercised 
1o avoid aggravating an already existent hypotension. 


HOW SUPPLIED A 
Cafergot Tablets: shell pink colored, sugar coated, imprinted “CAFERGOT” on one side, " " other 
Side. Bottles of 250 and cartons of three Sigrak” (dispensing unit) packages, each containing 30 tablets 
in individual blisters. 

Cafergot add ean aha sealed in fuchsia-colored aluminum foil, imprinted » SS. cAFERGOT® 
SUPPOSITORY 78-33 SANDOZ”. Boxes of 12. 

Cafergot P-B Tablets: bright green, sugar coated, imprinted "78-36" on one side, ^ A " other side. Bottles 
of 250 and cartons of three SigPak® (dispensing unit) packages, each containing 30 tablets in individual 
blisters. 

Cafergot P-B Suppositories: sealed in blue aluminum foil, imprinted " 2S, CAFERGOT P-B SUPPOSITORY 
78-35 SANDOZ”. Boxes of 12. 


[CAF-Z24 MAY 15, 1987] 
© 1989 Sandoz Pharmaceuticals Corporation 





“The technological advantage of the Midas 
Rex instrumentation provided the capability 
to safely perform a complex spinal osteo- 
tomy in a simplistic, gentle manner with a 
tremendous saving of time. The ability to 
remove the entire fused spine in a safe and 
efficient manner with the S-1 dissecting 
tool and S footed attachment, would not 
have been possible with other types of 
instrumentation." — T.B., M.D. 


Midas Rex Pneumatic Tools, Inc. 
3001 Race Street e Fort Worth, Texas 76111 
800-433-7080 © (Texas) 817-831-4181 
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PCs. Demo available. 
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From worldwide experts in the field — the first comprehensive 
review of the interrelationship between alcohol and seizures 
— the challenges and controversies ! 
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“Alcohol a 
Seizures: 


Basic Mechanisms 
- and Clinical Concepts 


Both the magnitude of the clinical problem 
and the challenge to basic science are explored 
in this unique and exciting new volume, which 
presents the views of some of the world’s 
foremost alcohol researchers and epileptologists. 


Following a useful overview of definitions, 
the first half of the book provides a state-of- 
the-art understanding of the fundamental 
biochemical changes responsible for alcohol- 
related seizures. 


Basic mechanisms of alcohol-related 
seizures are described using various models 
of excitability. The role of calcium channels, 
adenosine receptor activation, GABA and 
benzodiazepine receptors are detailed by 
experts presenting current data on the effect of 
alcohol on cell membranes and mechanisms of 
tolerance. Genetic models show approaches to 
the mechanisms of alcohol withdrawal seizures. 


The second section of the book addresses 
cohesively the intertwined clinical problems of 
efficient and accurate diagnosis and treatment 
of alcohol-related seizures. 


The usefulness of electroencephalograms 
or CT scans and other perspectives on seizure 
* management are examined. Differences 
between binge and chronic drinking, risk of 
status epilepticus, and the effect of alcohol on 
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THE INDICATED TITLES ON 30-DAY APPROVAL 


- treat 


metabolic disorders is a 


seizures in patients with 
epilepsy are described 
along with potential 
interactions between 
alcohol and 
antiepileptic drugs. 


In the discussion 


of the prevention and 


ment of alcohol- 


related seizures, current 
concepts regarding a variety 
of drugs are defined. Correction of 


Iso considered. 


Genuinely comprehensive, and sometimes 
controversial, this is the only book to address 


the entire scope of issues on the 


subject, 


including a thorough review of the practical 
clinical problems facing practitioners every- 
where. You'll want to order your copy today. 
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Seizures and Epilepsy 


Comprehensive reviews of 
current concepts of diagnosis 
and clinical management of 
patients experiencing seizures. 

Each topical discussion 
emphasizes the way in which 
research has contributed to 
understanding of the various 
factors surrounding epileptic 
conditions. 

By Jerome Engel, Jr., MD, PhD, 
Professor, Neurology and 
Anatomy and Cell Biology, Reed 
Neurological Research Center 
and Brain Research Institute; 
Chief, Division of Epilepsy and 
Clinical Neurophysiology, 
University of California School of 
Medicine, Los Angeles, California. 


536 pp. 145 ill. 1989. $90.00 


i CE 
Clinical Neurophysiology 
of the Vestibular System, 
2nd Edition 

The second edition of this 
well-received text is at least 50% 
larger than its predecessor, with 
most of the additional pages 
devoted to clinical diagnosis and 
treatment of a wide range of 
common neurotologic disorders. 
By Robert W. Baloh, MD, 
Professor, Department of 
Neurology and Division of 
Head and Neck Surgery 
(Otolaryngology), UCLA School 
of Medicine, Los Angeles, 
California; and Vicente 
Honrubia, MD, Professor, 
Director of Research, Division 
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May 31-June 1-2, 1990 


(Immediately preceding the Canadian 
Orthopaedic Association meeting 
June 3-7 in Vancouver.) 


Vancouver 


British Columbia, Canada 
MIDAS REX™ Institute presents 
“Modern Dissection Techniques of Bone, Biometals, Bloceramics, and Bioplastics” 
SYMPOSIA/HANDS-ON WORKSHOPS 
for ORTHOPAEDIC SURGEONS (Ortho 700) 


for NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, 
and OTOLARYNGOLOGICAL SURGEONS (Neuro 700) 


Course Directors: Susan Mitchell, Ed.D.; Jim Stretch, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: The MIDAS REX Hands-On Workshops will 

be held each day from 7:30 a.m. to 1:30 p.m. The workshop 

will emphasize a series of structured exercises utilizing ap- 

poe animal bones, skeletal bones, bioplastics, and 
ometals. 


issection in small bones, large bones, spines, 

joint replacement, revision surgery, me hylmethacrylate, 

olyethylene, and biometals, including broken stem extrac- 
ion. 


issection skills for bonework of the cranium 
and spine, including attention to bioplastics and biometals 
applicable to neurosurgery. 


CREDIT: C.M.E. Credit Available 


COURSE LOCATION: Vancouver Trade & Convention 
Centre, 999 Canada Place, Vancouver, BC V6C 3C1, Can- 
ada. Phone: 604-641-1987. 


ACCOMMODATIONS: Pan Pacific Hotel Vancouver, 300- 
999 Canada Place, Vancouver, BC V6C 3B5, Canada 
Phone: 800-663-1515 or 604-662-8111. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fellow/ 
Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) 
$250.00. Make check to "Vancouver Symposium.” Mail to: 
Midas Rex Institute, 2929 Race Street, Fort Worth, TX 
76111. Phone: 800-433-7639 or 817-831-2604. Enrollment 
is limited. Please call to reserve space before sending check 
or arranging travel plans. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 












MIDAS REX™ institute 
HANDS-ON WORKSHOPS* 
728 West Algonquin Road (Arlington Heights) 


CHICAGO 


“Modern Dissection ont Of Bone, 
Biometals, Bioceramics, and Bioplastics” 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a 
series of structured exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and 
biometals. 

NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and 


OTOLARYNGOLOGICAL SURGEONS (Neuro AE CE ca skills for bonework of the 
head and spine, including attention to bioplastics and biometals as applicable. 
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Office Worker. 


Cadwell's New Excel 
Practitioner Brings 
Advanced EMG/EP 
Testing To The Office. 


When Cadwell introduced the Excel, 

,itset a new standard for EMG/EP 
performance. Now it's setting yet 
another standard...by making high 
performance testing practical for 
virtually any practice. 

Introducing the Cadwell Excel 
Practitioner." This flexible new 
instrument offers many of the advanced 
features of the Cadwell Excel" In a sys- 
tem engineered specifically to meet 
the day-to-day requirements of office- 
based practices. 








Works Smart. Works Fast. Gravis, F-Wave, H-reflex, SSEP 
Choose two or four channels. BSEP and VEP. 
Either way, the Practitioner makes Top Performance 


advanced testing extraordinarily sim- At Affordable Wages. 
ple. A single keystroke selects a test. Best of all, the Practitioner gives you 
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Neurological Review 


Migraine-Related Stroke in the Context of the 
International Headache Society Classification of Head Pain 


K. M. A. Welch, MD, Steven R. Levine, MD 


e The diagnosis of migraine-related 
stroke is reviewed and illustrative case 
histories are provided. The International 
Headache Society classification of ''mi- 
grainous cerebral infarction" is amplified 
and further categorized using strictly de- 
fined diagnostic criteria. True migraine-in- 
duced stroke is revealed as only one of a 
number of migraine-related stroke syn- 
dromes. 

(Arch Neurol. 1990;47:458-462) 


Thre coincidence of migraine and 
stroke is one of the most intriguing 
and perplexing problems for the diag- 
nostician. There are three major issues 
in this dilemma: (1) Does stroke occur 
in the course of the migraine attack, 
causing true migraine-induced cere- 
bral infarction? (2) Does migraine 
cause stroke because other risk factors 
for stroke are present to interact with 
the migraine-induced pathogenesis? 
(3) Can stroke present as a migraine 
syndrome, ie, symptomatic migraine? 
These issues are considered in this 
article from the standpoint of current 
knowledge of pathophysiologic mech- 
anisms of migraine, supported with 
case reports of our own patients. Evi- 
dence points to a positive answer to all 
three of the above questions. This pre- 
sentation also attempts to exemplify 
the conditions under which each of 
these circumstances may be operative. 
The overall goal of this article is to 
clarify the classification of migraine- 
related stroke with the purpose of un- 
derstanding the mechanisms. 





Accepted for publication August 16, 1989. 

From the Center for Stroke Research, Depart- 
ment of Neurology, Henry Ford Hospital, Detroit, 
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CLINICAL SYNDROMES OF MIGRAINE 


The migraine syndromes include 
typical headache without aura of neu- 
rologic deficit (previously termed com- 
mon migraine; International Head- 
ache Society [IHS] classification 1.1) 
and headache associated with aura of 
neurologic deficit (previously termed 
classical migraine; IHS classification 
1.2). Although controversial, we have 
assumed that these syndromes are 
variations of the same physiological 
response, because patients can mani- 
fest migraine headache both with and 
without neurologic aura at any time 
during the natural history of their 
disorder, as indeed they may suffer 
neurologie deficit of migraine type 
without headache. 

Visual disturbances account for well 
over half of the transient neurologic 
manifestations. Most frequently, these 
consist of positive phenomena such as 
stars, spark photopsia, complex geo- 
metrical patterns, and fortification 
spectra. These positive phenomena 
may leave in their wake negative phe- 
nomena such as scotoma or hemiano- 
pia. This symptomatology is charac- 
teristically slow in onset and slow in 
progression, although occasionally the 
onset is more abrupt. Visual symptoms 
sometimes progress to visual distor- 
tion or misperception, such as microp- 
sia or dysmetropsia. The patterns of 
symptoms indicate the spread of neu- 
rologic dysfunction from the occipital 
cortex into the contiguous regions of 
the temporal or parietal lobes. 

The second most common symptoms 
are somatosensory and characteristi- 
cally hand and lower face (cheiro-oral) 
in distribution. Less frequently, the 
symptoms include aphasia, hemipare- 
sis, or clumsiness of one side. Mostly, a 
slow marchlike progression is charac- 
teristic. The anatomic distribution of 


the neurologic deficit frequently over- 
rides vascular boundaries. 


GENERAL CONCEPTS OF MIGRAINE 
PATHOGENESIS 


All individuals have the potential to 
suffer from a migraine attack at some 
time in life. Thus, one can be persuaded 
of a physiologic threshold for migraine 
that, when exceeded, sets into motion 
the mechanisms of the attack. There 
are known physiologic factors that can 
influence the migraine threshold, such 
as genetic makeup, age, gender, men- 
strual cycle, pregnancy, chronic stress, 
and drug use. The threshold being 
primed, other factors can activate a 
migraine attack, such as bright light, 
diet, acute stress, trauma, and the ad- 
ministration of oxygen, radiologic con- 
trast media, and vasodilators. 

In general, migraine can be viewed 
as a brain or neurovascular response to 
some challenge. This response can be 
elicited either by variant physiology or 
structural change. In the former in- 
stance, inherited differences may place 
a migraine sufferer at one end of a bi- 
ological scale wherein the normally 
fine-tuned interaction between neu- 
ronal function and vascular reactivity 
may be transiently disturbed.’ Struc- 
tural change in the central nervous 
system or cerebral circulation can pro- 
duce the same migrainous response, 
illustrated by the cases presented be- 
low. Further, factors that increase mi- 
graine risk may also be stroke risk 
factors, eg, use of oral contraceptives. 
Accordingly, the occurrence of stroke 
with migraine is predictable. 


MIGRAINE-RELATED STROKE 


Epidemiologic studies that have ad- 
dressed an association between mi- 
graine and stroke have been few, and it 
is difficult to judge their significance. 


Migrainous Stroke—Welch & Levine 






Classification of Migraine-Related 
Stroke 


Category Feature 


| Coexisting stroke and migraine 
ll Stroke with clinical features 













of migraine 
A Established (symptomatic 
migraine) 
B New onset (migraine mimic) 
mi Migraine-induced stroke 
A Without risk factors 
B With risk factors 
Uncertain 






In their retrospective study of the 
middle-aged and elderly who were par- 
ents of migraine sufferers, Leviton et 
al? found no increased risk of stroke. 

- Yet, the frequency of hypertension was 
estimated to be 1.7 times greater in 
persons with migraine than without. 
Of interest, the risk of heart attack 
was increased for migraine sufferers, 
and patients with migraine died at a 
younger age. 

The Collaborative Group for the 
Study of Stroke in Young Women? de- 
fined the relative risk for thrombotic 
Stroke as twofold for women with mi- 
graine when compared with a neighbor 
but not with hospital controls. Thus, 
the data were inconclusive. The preva- 
lence of cerebral infarction attributed 
to migraine in young adults from se- 
lected series reported during the era of 
the computed tomographic (CT) scan 
indicated considerable variability of 
prevalence of migrainous stroke.‘ Be- 
cause no common definition of mi- 
grainous stroke was used, variability 
in results was inevitable. Thus, the 
evidence that these previously re- 
ported cases are true migraine- 
induced stroke is uncertain or lacking. 
Nevertheless, compilation of these 
data reveals a 4% prevalence of cases 
attributed to migraine in 448 total 
stroke cases, 31% of which had un- 
known cause.‘ 

An obvious question may be posed: 
In a patient with migraine who suffers 
stroke during the progress of an at- 
tack, must other risk factors for stroke 
be present? If so, are they playing a 
role in the pathogenesis of the mi- 
grainous stroke, or are they simply co- 
incidental, but nevertheless relevant, 
to a risk for stroke unrelated to mi- 
graine? For instance, oral contracep- 
tive use on its own increases stroke 
risk, but in patients with a history of 
migraine the likelihood of stroke in- 
creases even further. A strict defini- 
tion of terms, therefore, is essential 
before valid epidemiologic studies can 
be forthcoming. 

Migrainous cerebral infarction (IHS 
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1.6.2) is described in the new IHS 
classification! as follows: One or more 
migrainous aura symptoms not fully 
reversible within 7 days and/or asso- 
ciated with neuroimaging confirma- 
tion of ischemic infarction. (1) Patient 
has previously fulfilled criteria for mi- 
graine with neurologic aura. (2) The 
present attack is typical of previous 
attacks, but neurologic deficits are not 
completely reversible within 7 days 
and/or neuroimaging demonstrates is- 
chemic infarction in the relevant area. 
(3) Other causes of infarction ruled out 
by appropriate investigations. 

The Table presents an extended clas- 
sification of stroke in association with 
migraine or migraine-related stroke. 
Included in this classification is mi- 
grainous infarction for which we pro- 
pose the more precise term migraine- 
induced stroke. 


Coexisting Stroke and Migraine 


Definition. — A clearly defined clinical 
stroke syndrome must occur remotely 
in time from a typical attack of mi- 
graine. 

Stroke in the young is rare, and mi- 
graine is a common disorder. Clearly, 
the two conditions can coexist without 
migraine being a contributive factor to 
the stroke. The coexistence of stroke 
with migraine will potentially increase 
with age, since aging is a prominent 
stroke risk factor. Migraine, however, 
declines with age, although it is not 
unusual for it to persist into a patient's 
50s and early 60s. Nevertheless, in the 
later age ranges it is easier to docu- 
ment the cause of stroke, eg, athero- 
thrombosis or cardioembolism. When 
the two conditions coexist in the 
young, the true pathogenesis of stroke 
may be more difficult to elucidate. A 
coincident presence of stroke risk in a 
patient with coexisting stroke and mi- 
graine is illustrated in the case below. 


Case 1.—A 42-year-old man had, since 
the age of 15 years, suffered bilateral cen- 
tral scotomas, scintillating phenomena, 
and occipital headache diagnosed as mi- 
graine with neurologic aura. He suffered an 
acute episode of aphasia with right-hand 
weakness and headache with clinical fea- 
tures unlike his episodes of migraine. He 
was found to have a mitral valve prolapse. 
Cerebral angiography revealed an occlu- 
sion of the left middle cerebral artery 
branch. 


This case illustrates some of the is- 
sues surrounding this classification. 
Mitral valve prolapse may be a source 
of embolic stroke. There is evidence of 
an increased prevalence of migraine in 
patients with mitral valve prolapse. 
Whether platelet hyperaggregability 
found in patients with migraine con- 


stitutes a risk factor for migraine- 
induced stroke is uncertain but possi- 
ble. 


Stroke With Clinical Features of Migraine 


Definition.— A structural lesion un- 
related to migraine pathogenesis that 
presents with clinical features typical 
of migraine. 

Established.—In these cases, estab- 
lished structural lesions of the central 
nervous system or cerebral vessels ep- 
isodically cause symptoms typical of 
migraine with neurologic aura. Such 
cases could be termed symptomatic 
migraine. Two examples are given be- 
low. 


CASE 2.—A 15-year-old girl suffered re- 
peated episodes of left homonymous hemi- 
anopia followed by left hemicrania since 
the age of 10 years. After one episode, the 
left visual field defect remained. On exam- 
ination, she was found, in addition, to have 
a right inferior homonymous quadrantan- 
opia. A cranial bruit was present, and CT 
plus cerebral angiography revealed a mas- 
sive arteriovenous malformation involving 
the majority of both hemispheric cortices. 
The malformation was inoperable. 

Case 3.—A 23-year-old woman presented 
with a 15-year history of episodic, 10- to 20- 
minute episodes of typical migrainous vi- 
sual disturbances in the right hemifield, oc- 
casionally progressing to a right cheiro- 
oral spreading numbness. Infrequently, 
this was followed by left hemicranial pain. 
Neurologic examination showed normal re- 
sults. The CT scan revealed an encephalo- 
malacic lesion in the left occipital pole. An- 
giography revealed distal occlusion of the 
left posterior cerebral artery. The occlusive 
lesion was assumed to have been present 
since birth. 


Cases of arteriovenous malforma- 
tion typify the concept that migraine is 
a syndrome of neurologic signs and 
symptoms caused by a mismatch of 
flow and neuronal function, possibly 
resulting in episodic neuronal depolar- 
ization with spread of a depolarizing 
wave. Cerebral arteriovenous malfor- 
mations frequently masquerade as mi- 
graine with aura. Prior to the avail- 
ability of the CT scan, many of these 
cases were unrecognized until sub- 
arachnoid hemorrhage or cerebral in- 
farction prompted cerebral arteriog- 
raphy. Case 3 is one of several like 
cases evaluated by the authors. A 
mechanism similar to that proposed 
for the symptoms of arteriovenous 
malformations may be operative. 

New Onset.—In this category, stroke 
due to acute and progressing struc- 
tural disease is accompanied by head- 
ache and a constellation of progressive 
neurologic signs and symptoms indis- 
tinguishable from those of migraine. 
This might best be termed a migraine 
mimic. The diagnosis is even more dif- 
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ficult to define in patients with estab- 
lished migraine. Illustrative case his- 
tories are given below. 


Case 4.—A 42-year-old woman suffered 
for many years with weekly migraine at- 
tacks that were associated with an aura of 
diffuse snowlike twinkles of light followed 
by right or left hemicrania. She presented 
with a similar episode, but over the course 
of 4 to 5 days the headache increased. Pro- 
gressive dysphasic errors and right-sided 
weakness then developed. An infarct of the 
left middle cerebral artery territory was 
found on CT. Cerebral arteriography re- 
vealed an occlusive lesion in the appropri- 
ate middle cerebral artery territory and 
many intracranial vessels with cerebral 
atherogenic stenosis. She had risk factors 
of cigarette smoking, hypercholester- 
olemia, hypertriglyceridemia, hyperten- 
sion, diabetes mellitus, and estrogen use. 

Case 5.—A 46-year-old woman suffered 
from migraine without aura for many 
years, generally worse 1 week prior to men- 
struation. The pain was always localized, 
right-sided, and retro-orbital without vi- 
sual change. Twenty years previously, oral 
contraceptives were prescribed, which she 
took for up to 10 years. There was a family 
history of migraine. She presented with 
headache identical with her usual migraine. 
The head pain persisted, however, increas- 
ing in intensity over a period of 1 month and 
was totally resistant to all prescribed an- 
timigraine medications. She then suddenly 
became aphasic, and right hemiplegia de- 
veloped. Cerebral angiography revealed left 
internal carotid and middle cerebral artery 
dissection. 


This latter case raises the issue of a 
preexisting arteriopathy of 20 years or 
more presenting with localized arte- 
rial pain mimicking migraine. Could 
repeated migraines have induced a lo- 
calized arteriopathy secondary to the 
migrainous process itself that later 
resulted in dissection? 


Case 6.—A 71-year-old woman suffered a 
new onset of painless scintillating scotoma 
in the right hemifield ranging in duration 
from minutes to half an hour with no head- 
ache. She had no history of migraine. A 
preliminary diagnosis of late-onset mi- 
grainous accompaniments was made. Cere- 
bral angiography was refused. A CT scan 
revealed an infarct of the left lateral genic- 
ulate body. 


The above case has some interest 
because no other case was found in the 
literature in which migrainelike visual 
phenomena were associated with ge- 
niculate lesions. Late-onset migraine 
accompaniments are categorized as 
uncertain (see the “Uncertain Classi- 
fication” section below) because their 
true migrainous nature has not been 
clarified. 


Migraine-Induced Stroke 


Definition.— Migraine-induced stroke 
must meet the following criteria: (1) 
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the neurologic deficit must exactly 
mimic the migrainous symptoms of 
previous attacks; (2) the stroke must 
occur during the course of a typical 
migraine attack; and (3) all other 
causes of stroke must be excluded al- 
though stroke risk factors may be 
present. 

Without Stroke Risk Factors.— The 
following case satisfies the above cri- 
teria without identifiable stroke risk. 


Case 7.—A 34-year-old woman had suf- 
fered a complex of twice yearly episodes of 
right homonymous hemianopia, right 
cheiro-oral numbness, and confusion fol- 
lowed by left hemicranial head pain typical 
of migraine with aura. In one episode, the 
neurologic deficit persisted throughout and 
after the headache. Examination revealed a 
right homonymous hemianopia, hemipare- 
sis with Babinski’s sign, and hemianesthe- 
sia. In addition, a transient left hyperre- 
flexia and Babinski’s sign were noted. Only 
the right hemianesthesia persisted 6 weeks 
later. An electroencephalogram revealed 
slow activity in the left occipital and poste- 
rior temporal regions. Cerebral blood flow 
was in the oligemic range in the temporo- 
occipital and parieto-occipital cortex. Mag- 
netic resonance imaging revealed a left 
thalamic infarct. Cerebral angiography 
showed fusiform dilatation of the left pos- 
terior cerebral artery with narrowing of 
arterial caliber proximal and distal to the 
dilatation. No penetrating branches of the 
posterior cerebral artery were visualized. 
Repeated angiography 6 weeks later was 
normal. No stroke risk factors could be 
elicited. 


The arterial lesion in this case 
clearly involved the posterior cerebral 
artery and its branches, although the 
precise arterial pathologic appearance 
is uncertain. No unequivocal radio- 
graphic evidence of dissection, fibro- 
muscular disease, or premature ath- 
erosclerosis was present, and the sub- 
sequent radiographic appearance of 
the artery was normal. Similar arte- 
riographic findings have been reported 
in migraine with an in situ thrombus 
positioned in the fusiform dilation.‘ 
The impaired filling of small penetrat- 
ing branches supports intravascular 
thrombus formation. Any large throm- 
bus, if present, might have undergone 
dissolution by the time of arteriogra- 
phy 48 hours after the event. The 
transient left-sided neurologic deficit 
could be explained by compressive 
edema, occlusion of the top of the basi- 
lar penetrating branch, or diaschisis. 

This case is presented as true mi- 
graine-induced infarction. Study of 
this case and others like it has pro- 
duced insight into the pathogenesis of 
both migraine and the process leading 
to stroke (see the “Pathogenesis of 
Migraine-Induced Stroke” section be- 
low). 


With Stroke Risk Factors.—Previous 
publications that addressed criteria 
for true migrainous stroke did not in- 
clude the modifying statement itali- 
cized in point 3 of our definition. The 
case below illustrates why this quali- 
fying statement is made. 


CASE 8.—A 30-year-old woman had a 10- 
year history of migraine with neurologic 
aura consisting of a right hemiparesis. 
During one episode, the hemiparesis failed 
to recover. The CT scan revealed cerebral 
infarction in the left frontal cortex. The 
patient was taking oral contraceptives. 


Oral contraceptives are recognized 
to increase stroke risk and may cause 
coexisting stroke and migraine. In this 
instance, however, the stroke occurred 
during the migraine attack, and the 
medication may have increased the 
risk of coagulopathy but may not have 
induced stroke in the absence of the 
migrainous process. The following in- 
triguing question arises: Does mi- 
graine cause stroke only because risk 
factors, as yet unknown, are present to 
interact with the pathophysiologic 
mechanisms of migraine? 

There follows another example: the 
rare occurrence of bilateral infarcts in 
migraine justified a previous report of 
this case.* 


Case 9.—A 37-year-old man had episodes 
of confusional migraine once or twice a 
month since the age of 20 years. These were 
always preceded by shifting visual images 
with scotomas. His confusion was always 
followed by bifrontal throbbing headache, 
photophobia, and malaise. On the occasion 
of his hospital admission the prodrome had 
persisted. The CT scan showed a left tem- 
poro-occipital infaret. Cerebral angiogra- 
phy revealed an occluded left posterior 
cerebral artery. One week later, he had an 
identical visual aura with shifting visual 
images and scotoma. On this occasion he 
also had worsening memory with confusion 
and increased headache. The CT scan now 
showed bilateral temporo-occipital in- 
farcts. Cerebral angiography revealed a 
thrombus in the right posterior cerebral 
artery with persistence of the occlusion in 
the left posterior cerebral artery. The pa- 
tient smoked 20 cigarettes a day for 10 to 11 
years. 


The smoking history in this patient 
was considered a risk factor for stroke. 
Although it can be argued that this is 
not a major risk factor in the young, 
the potential interaction with the mi- 
grainous process dictates that the case 
be placed in this category. 


Uncertain Classification 


Complex or Multiple Factors.—Many 
migraine-related strokes cannot be 
categorized with certainty. The follow- 
ing cases are given as examples. 
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Case 10.—A 31-year-old man with a 10- 
year history of migraine without aura 
awoke with typical headache but with fail- 
ure to concentrate and converse. On exam- 
ination, he was inattentive and dysphasic. 
Evaluations of cerebrospinal fluid showed 
normal results. The CT scan showed a left 
frontal infarct. The cardiac evaluation 
showed negative results. 


Clearly this case could be catego- 
rized as coexistent stroke with mi- 
graine. Nevertheless, a migraine at- 
tack could have begun during sleep. 
The case also illustrates the problem of 
the IHS classification when a young 
patient with migraine headache with- 
out aura and no risk factors for stroke 
develops stroke. The new classification 
does not permit the diagnosis of mi- 
graine-induced stroke in patients with 
migraine without aura (see definition). 
Perhaps, however, migraine without 
aura begins in "silent" brain areas and 
hasthe same pathogenesis as migraine 
with aura! There is clearly a need for 
rigorous analysis of patients with mi- 
graine-related stroke without aura to 
refine the IHS classification of this 
subtype. 

The next case is a tour de force of 
uncertainty. 


Case 11.—A 27-year-old woman pre- 
sented with stuttering onset of left hemi- 
paresis and left homonymous hemianopia 
not accompanied by headaches. She had an 
established history of migraine with visual 
aura. Three years previously, she sustained 
the sudden onset of left-sided weakness 15 
minutes after taking a second, 2-mg dose of 
ergotamine 30 to 60 minutes into a typical 
migraine headache. Opercular branches of 
the middle cerebral artery were occluded on 
angiography, and the CT scan showed a 
right frontal infarct. She was using oral 
contraceptives and smoked 20 cigarettes 
daily for 20 years. Investigation at the time 
also revealed false-positive results from a 
VDRL test and positive test results for 
rheumatoid factor. Investigation of the 
most recent stroke revealed positive anti- 
cardiolipin antibody test results with high 
IgG titers. 


Migraine-related stroke associated 
with ergot therapy is appropriate in 
this category because it is impossible 
to confidently exclude an interaction of 
the drug with the migrainous process 
to induce stroke. Although the thera- 
peutic effect of ergotamine is not so 
much on cerebral blood flow but is pre- 
dominantly analgesic and possibly 
anti-inflammatory,’ recorded cases 
have been associated with excessive 
dosage of the drug, presumably caus- 
ing vasospasm.‘ Even allowing for er- 
got therapy, the case above could not 
be included in the category of mi- 
graine-induced stroke because of the 
complex factors that might have 
caused the stroke. Although the second 
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stroke in this case can be categorized 
as coexisting migraine and stroke, the 
risk factors of ergot therapy, oral con- 
traceptives, smoking, and, particu- 
larly, the positive results from the an- 
ticardiolipin antibody test all could 
have interacted with the migraine 
mechanism to produce the prior stroke 
in the process of the migraine attack. 


Angiography 


The precipitation of migrainelike 
signs and symptoms during cerebral 
angiography is not uncommon and can 
potentially progress to stroke, al- 
though not all observers agree? An- 
giography performed during migraine 
carries risk because of potential inter- 
action with the migraine mechanism. 
Nevertheless, because arteriography 
can be complicated by stroke in all pa- 
tients, the true pathogenesis of stroke 
cannot be attributed with certainty to 
migraine. 


Late-Onset Migraine Accompaniments 


The cause of late-onset migraine ac- 
companiments has not been estab- 
lished.” As the name of the syndrome 
suggests, the clinical features are es- 
sentially indistinguishable from mi- 
graine without headache. Brain imag- 
ing or cerebral arteriography are un- 
revealing of accountable structural 
lesions. This syndrome is persuasive of 
a migrainelike response to a mismatch 
of cerebral blood flow and neuronal 
function that seems to occur more 
readily in aging brain, perhaps result- 
ing in a burst of neuronal depolariza- 
tion with cortical spread. 


Miscellaneous 


There are rare reports of migraine- 
like syndromes associated with other 
manifestations of neurologic disease 
that are of uncertain pathogenesis and 
that make the classification of these 
curiosities uncertain. 


Case 12.—A 16-year-old girl presented 
with left hemicrania and persistent right 
hemiparesis. She had a history of occa- 
sional episodes of hemicrania with tran- 
sient right-sided weakness. Cerebrospinal 
fluid examinations showed a protein level of 
1.50 g/L and a white blood cell count of 
400 X 10°/L, predominantly lymphocytes. 
The CT scan and cerebral angiography were 
normal. Three weeks later, still with a mild 
right hemiparesis, she had an episode of 
right hemicrania and left hemiparesis that 
persisted for several weeks. Cerebrospinal 
fluid pleocytosis and an elevated protein 
level were still in evidence when the spinal 
tap was repeated. The CT scan and angiog- 
raphy were again normal. Cardiac evalua- 
tion showed normal findings. 


Occasional reports of cases with mi- 
grainelike symptoms and persistent 
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neurologic deficit associated with high 
cerebrospinal fluid protein values and 
pleocytosis are to be found in the 
literature." Cerebral vasculitis or fo- 
cal encephalitis, although unproven, 
have been proposed in the pathogene- 
sis. Exceptionally, cases of well-docu- 
mented migraine with aura will show 
evidence of similar cerebrospinal fluid 
abnormality. 

Other rare syndromes reported with 
migraine-related stroke include mi- 
graine associated with mitochondrial 
encephalopathies" and “migraine 
coma." 


Hemorrhage 


Cases of intracerebral hemorrhage 
due to migraine have been reported 
rarely and have been recently re- 
viewed.^ In our view, investigations 
have failed to establish true migraine- 
induced hemorrhage, most cases likely 
being symptomatic migraine (class 
IIA) or migraine mimics (class IIB). 
From the viewpoint of pathogenesis, 
however, it is not unreasonable that 
ischemic softening of tissue during 
true migraine-induced cerebral infarc- 
tion might become hemorrhagic, so 
dogmatism must be avoided. Experi- 
ence with this entity in the context of 
the current IHS classification is 
awaited. 


Anterior Visual Pathway Migraine and 
Stroke 


Stroke in the eye, in theory, can be 
categorized in a manner similar to 
central nervous system stroke (classes 
I through IV), but warrants separate 
discussion. Monocular migraine is 
rare; permanent monocular visual def- 
icit ascribed to migraine is even more 
so. Tatemichi and Mohr,’ in their re- 
view of the literature, found 32 cases 
that occurred in the context of mi- 
graine headache. Few of these cases 
had been completely evaluated to ex- 
clude alternative causes. Central and 
branch retinal artery occlusion, cen- 
tral retinal vein occlusion, and is- 
chemie optic neuropathy were 
recorded The same pathogenetic 
principles probably apply to this con- 
dition as apply to migraine-induced 
stroke in the central nervous system. 
Of note, spreading depression in the 
retina can be produced with facility in 
the experimental animal. 


Ophthalmoplegic Migraine 


The rarity of cases of episodic tran- 
sient paresis or permanent plegias of 
the third, fourth, and sixth cranial 
nerves in association with migraine- 
like headache and their uncertain ori- 
gin prevents their classification. The 
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not infrequent persistence of ophthal- 
moplegia after repeated migraine 
attacks is attributed to ischemic in- 
farction of tissue supplied by the vasa 
nervorum, but this remains un- 
proven. 


PATHOGENESIS OF MIGRAINE-INDUCED 
STROKE 


A major purpose of the classifica- 
tion and redefinition of migraine-re- 
lated stroke, as well as of headache in 
general, is the insight that can be pro- 
vided into pathogenesis. 


Coagulation Factors 


Because migraine-induced stroke is 
associated with some known stroke 
risk factors, eg, use of oral contracep- 
tives, it seems reasonable to propose 
that cases of migraine-induced stroke 
without known stroke risk factors also 
have some conditions yet to be identi- 
fied that predispose to a hypercoagu- 
lable state and intravascular throm- 
bosis. In support, new factors associ- 
ated with stroke risk have emerged in 
recent years with the recognition of 
antiphospholipid antibodies and the 
lupus anticoagulant. We recently re- 
viewed 10 cases of migraine associated 
with a group of antibodies.5 We also 
have experience with cases of stroke 
with coexisting migraine associated 
with antiphospholipid antibodies and 
the lupus anticoagulant. The relatively 
recent recognition of this association 
raises the issue that a proportion of 
previously reported cases of migraine- 
related stroke might have had this un- 
derlying condition predisposing to co- 
agulopathy. Possibly, hyperaggrega- 
bility of the platelet, although not 
usually recognized as a risk factor for 
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stroke but commonly found in patients 
with migraine, also may contribute to 
the pathogenesis of stroke. 


Hemodynamic Factors 


Olesen et al,“ from their observation 
of spreading oligemia in migraine at- 
tacks, have suggested that the spread- 
ing cortical depression of Leao can ac- 
count for the clinieal and cerebral 
blood flow findings. However, on revis- 
iting these findings, Skyhdj-Olsen et 
al!’ suggested that low-flow areas had 
been missed in these patients due to 
overestimation of flows based on the 
problem of scattered radiation in the 
xenon 133 technique. Their own studies 
demonstrated ischemic foci during an 
attack of migraine with aura, evidence 
that, together with positron emission 
tomographic findings of increased ce- 
rebral oxygen extraction, has rein- 
troduced the theory of a primary vas- 
cular cause of the migraine attack. The 
controversy could be reconciled by the 
concept that there is a spontaneous 
depolarization of intrinsic neurons 
that also supply intraparenchymal re- 
sistance microvessels, leading to con- 
striction and a consequent flow reduc- 
tion below the threshold for K* release 
from the neuron. Increased extracel- 
lular K+ then might precipitate depo- 
larization of contiguous cortical neu- 
rons. Alternatively, the decreased ex- 
tracellular space and brain swelling 
that accompanies spreading cortical 
depression and, possibly, migraine 
could increase microvascular resis- 
tance by mechanical compression. 
Thus, low flow in major intracerebral 
vessels may be due to increased down- 
stream resistance, not necessarily 
vasospasm.* 


References 


rogenically mediated plasma extravasation in 
dura mater: effect of ergot alkaloids: a possible 
mechanism of action for vascular headache. 
Cephalalgia. 1988;8:83-92. 

8. Bradshaw P, Parsons M. Hemiplegie mi- 
graine: a clinical study. Q J Med. 1965;34:65-85. 

9. Shuaib A, Hachinski VC. Migraine and the 
risks from angiography. Arch Neurol. 1988; 
45:911-912. 

10. Fisher CM. Migraine accompaniments vs 
arteriosclerotic ischemia. Trans Am Neurol As- 
soc. 1968;93:211-213. 

11. Bartleson JD. Transient and persistent 
neurological manifestations of migraine. Stroke. 
1984;15:383-386. 

12. Dvorkin GS, Andermann F, Carpenter S, et 
al. Classical migraine, intractable epilepsy, and 
multiple strokes: a syndrome related to mitochon- 
drial encephalomyopathy. In: Andermann F, 
Lugaresi E, eds. Migraine and Epilepsy. Stone- 
ham, Mass: Butterworths, 1987:203-232. 

13. Fitzsimons R, Wolfenden WH. Migraine 
coma: meningitic migraine with cerebral edema 
associated with a new form of autosomal domi- 
nant cerebellar ataxia. Brain. 1985;108:555-577. 


Neuronal Factors 


The theory that the migraine attack 
is initiated by a burst of neuronal ac- 
tivity resulting in a slow neuronal de- 
polarization, which may spread into 
contiguous brain regions in a manner 
that resembles spreading cortical de- 
pression, requires clinical proof. Up to 
now, slow DC shifts have not been seen 
in the human brain because of the un- 
availability of electrophysiologic tech- 
niques that can detect such phenom- 
ena. Recently, slowly varying mag- 
netic fields have been measured during 
spreading cortical depression in the 
isolated turtle cerebellum using 
magnetoencephalography.? We have 
now documented magnetoencephalo- 
graphic findings in the occipital cortex 
of patients with migraine that are 
similar to those of spreading cortical 
depression in the animal brain.” 

In summation, the initiation of a 
migraine attack appears to be a pri- 
mary neuronal phenomenon with met- 
abolic and cerebral hemodynamic con- 
sequences. Essentially, a low cerebral 
blood flow and sluggish flow in large 
intracerebral vessels, when combined 
with factors predisposing to coagulop- 
athy, can lead, although rarely, to in- 
travascular thrombosis and, thus, mi- 
graine-induced cerebral infarction. 
Why cerebral infarction occurs only 
rarely during episodes of migraine 
probably relates to variability in the 
coagulation status, degree of the neu- 
ronal and hemodynamic changes, and 
the interaction of each during the 
course of the migraine attack. 
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refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 

particular attention to equipment care and maintenance, so that 

a when OR personnel have completed the course, they will have im- 
proved competence in OR support. 


III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 
their bonework per se in the time delineated:+ 











CRANIUM!: Osteoplastic , 1% min. © Posterior craniec- Samaritan Hospitals. 
tomy, 45-60 sec. * Osteoplastio posterior iotomy, 1-2 min. * Free tem- 
Hemicraniotomy, 2 min. «| TRAVERSE CITY, MI, JUNE 27-28-29 


Cosponsored by Henry Ford Neurological Institute 
Department of Neurological Surgery. 

HILTON HEAD ISLAND, SC, JULY 23-24-25 
Cosponsored by the Hilton Head Island Neurosur- 
gical Symposium, 1990. (Immediately precedes the 
Hilton Head Island Neurosurgical Symposium.) 


MONTEREY, CA, AUGUST 6-7-8 


poral flap, 1 min. * B ole, sec. 
Bilateral frontal flap, 3/2 tuin. * plastic subdural buttons, 2 

min. * Work about clivus . ion anchors * Cranioplasty. 
CRANIOFACIAL, MAXIL A : Frontal * Maxillectomy * 
Zygomectomy * Orbital « Su Infra orbit e Mandibular resec- 
tion * Mandibular osteotomy e r reduction * Facial fractures e 
Suture holes. 







ORL}: Mastoigeeten 4 min; *"Tre labyrin hi e acoustic neuroma, 
" V^-L C590 min: * Orbital fossa dissection. | BOSTON, MA, AUGUST 22-23-24 
i i a A T x . 4,| Cosponsored by Massachusetts General Hospital 
SPINE:: 4-Placé la Iy.67, min. * Afterio? cervical fusion with Department of Neurosurgery 
osteophyte rerhóvalp.bone graft, in./# Posterolateral fusions * í 
Posterior interbédy fü . Foraminoto a » 3l sec. * Osteophyte LOS ANGELES, CA, OCTOBER 18-19-20 


| pb tado NS 
removals, 30 sc! * Hüfribgtem fod-teme als Har n rod transec- 
i T 74 uet v - i 
tion in situ, 2 min. « É 


ioris besterior-alid'anteriot * Disc and nerve 

root problems| 4 Unroófirg nerves.» alti | down old, fusions, 1-8 min. 
i] GP | 4 i 

| N pe Pd 

BIOPLASTICS|: MethimetHaeryláte — dissect, \eXgise, shape * 

Polyethyle abrade in sit gi in situ, transéct in situ, shape. 


aJ dp 
BIOMETALS!: (Superalloys, Tit ium alloys, Stainless steels) Transect 
and shape in OR, 14 min.; in situ, 14 min. 


PERMANENT SITES 


Hands-on workshops are held weekly in the permanent 
facility locations listed below. For schedules of these 
courses see permanent facility announcements else- 
where in this journal, or you may telephone to request a 
complete calendar of hands-on workshops. 


DALLAS/FORT WORTH, Home Office, 2929 
Race Street, Fort Worth, TX 

NEW YORK CITY, 115 East 61st Street, 
Lower Level. 

THE PALM BEACHES, 529 25th Street, West 
Palm Beach, FL 

CHICAGO, 728 West Algonquin Road, Arling- 
ton Heights, IL 

LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, CA 

SEATTLE, 547 Industry Drive, Tukwila, WA 





* Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial, Max- 
illofacial and ENT problems will be explored according to the individual 

wishes of the surgeons. 











CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
at 1:00 p.m., allowing for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 


FEE: Surgeon — US $965.00; Resident — US $585.00 (with letter from 
d ent head); All Operating Room Personnel (RN/CST/PA/Other) — 
US $250.00. Enroll by check and letter. All enrollments and fee pafments 

are made through the Midas Rex Office in Fort Worth. 


p For additional information, call or write. 


Enrollment is limited. Please call to reserve space 
before sending checkor arranging travel plans. All 
enrollments are made through the home office in 
Fort Worth. 





Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 





Traverse Giby 6272029 1990 


Symposia/Hands-On Workshops Cosponsored by 
= For Neurosurgeons, Plastic, ENT, Craniofacial Henry Ford Neurological Institute 


and Maxillofacial Surgeons (Neuro 700) Department of Neurological Surge 
MUS Opaning POS Aig ont Fou ‘Hen Ford Hos ital Division T 
"Modern Dissection Techniques of "y p ; 
Bone, Biometals, Bioceramicsand Bioplastics" and MIDAS REX" Institute 


COURSE DIRECTORS: J. I. Ausman, M.D., Ph.D; M. Dujovny, M.D.; G. Malik, M.D. 

L. Zamorano, M.D., Ph.D.; Susan Mitchell, Ed.D.; Lee Sobania, Ph.D. 

* SYMPOSIUM FORMAT: Workshops: 7:30 a.m. to 
1:30 p.m. each day, with emphasis on hands-on 
exerdses utilizing appropriate animal bones, 
skeletal bones, bioplastics, and biometals for 
dissection in the cranium and spine. OR personnel 800-678-1308 
will participate in the same activities. 616-938-2100 


* ENROLLMENT IS LIMITED. Please call before Ven rigs or making travel plans. All enrollments made 
through the MIDAS REX office in Fort Worth, Texas, U.S.A. 


* ENROLLMENT FEE: USH SOR, $965.00; Fellow/Resident $585.00 (with letter from Department Head); All 
Operating Room Personnel /P A/Other) $250.00. 
Make check to “Traverse City jum.” 
Mail to: MIDAS REX Institute, 2929 Race Street, Worth, TX 76111, U.S.A. 
Phone: 817-831-2604. FAX: 817- 834-4835. 
*An Orthopaedic jum will be conducted simultaneously in a separate room. 
and some lectures will be combined. 
Join the more than 8,000 enrollees who have completed MIDAS REX Hands-On Workshops 














Grand Traverse Resort Village 
6300 U.S. 31 North 
Grand Traverse Village, MI 49610 



































MIDAS REX" Institute 
HANDS-ON WORKSHOPS* 


WEST PALM BEACH ?}) 


529 25th Street 
“Modern Dissection Techniques of Bone, Biometals, Bloceramics, and Bloplastics" 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL SURGEONS 
he del n ee skills for bonework of the head and spine, including attention to bioplastics and biometals as 
applicable. 


OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power instrumentation; 
and participation in problem solving, care and proper maintenance of power equipment. 


Neuro 700 ORP 700 
MAY 7-8-9 * 21-22-23 For OR Personnel only: 
JUNE 11-12-13 + 25-26-27 MAY 14-15-16 


JULY 9-10-11 * 19-20-21 
AUGUST 13-14-15 






ENROLLMENT: Fee (US$): Suson $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Palm Beach Symposium.” Mail to: Midas Rex Institute, 2929 Race 
Street, Fort Worth TX 76111. Phone: 800-433-7639 or 817-831-2604. 
*Enrollmentis limited. Please call to reserve space before sending check or arranging 
i pana: All enrollments are made through the Midas Rex office in 
ort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 





From refill to refill... 
which carbamazepine 
Will your patient 


get next? 


TEGRETOL is indicated 
for children 6 years 
and older and adults 


Because of the potential 

for serious hematologic 
adverse reactions, it is 
important that you become 
thoroughly familiar with 

the full Prescribing 
Information for TEGRETOL 
onthe following page 
especially the boxed warning 


CIBA—GEIGY 


Prevent substitution 
when you 

prescribe Tegretol 

Sign each prescription on the line 
that prevents substitution, or 

add the phrase required in your 
state to prevent substitution: 


[ ] Dispense As Written 

O No Substitution 

O Do Not Substitute 

O Brand Necessary 

[.] No Drug Product Selection 
O May Not Substitute 

[.] Medically Necessary 





For your Medicaid patients... 


To prevent substitution of 
TEGRETOL for your Medicaid 
patients, be sure to add the 
phrase "Brand Medically 
Necessary" on each prescription. 






carbamazepine USP 


... because there's no 


substitute for experience. 


200-mg 


Tegretol 4:5: - 


ed 






tablets 


J mg 
hewable tablets 


Tegretol* 


carbamazepine USP 
Chewable Tablets of 100 mg—red-speckled, pink Tablets of 200 mg—pink 


——_— 
WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION. HOWEVER, 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME. HOWEVER. THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND APLAS- 
TIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES OB- 
SERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL 
THE OCCURRENCE OF EITHER ABNORMALITY. NONETHELESS, COMPLETE PRE- 
TREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A BASELINE 
IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR DECREASED 
WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD BE 
MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 











Before prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential. 

DESCRIPTION 

Tegretol, carbamazepine USP. is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets o! 100 mg and tablets of 200 mg for oral admin- 
istration. Its chemical name is 5H-dibenz[b fJazepine-5-carboxamide, and its structural 
formula is. 


y 
CONH? 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone. Its molecular weight is 236 27. 
Inactive Ingredients. Colloidal silicon dioxide, FO&C Red No. 3 (chewable tablets only). 
FD&C Red No. 40 (200-mg tablets only), flavoring (chewable tablets only), gelatin. glycer- 
in, magnesium stearate, sodium starch glycolate (chewable tablets only), starch, stearic 
acid, and sucrose (chewable tablets only) 
CLINICAL PHARMACOLOGY 
In controlled clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential and 
bulbar and polysynaptic reflexes, including the linquomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia. The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than a 
solution. thus avoiding undesirably high peak concentrations. Tegretol in blood is 76% 
bound to plasma proteins. Plasma levels of Tegretol are variable and may range trom 
05-25 ug/ml, with no apparent relationship to the daily intake of the drug. Usual adult 
therapeutic levels are between 4 and 12 ug/ml. Following oral administration, serum 
levels peak at 4 to 5 hours. The CSF/serum ratio is 0.22, similar to the 22% unbound 
Tegretol in serum. Because Tegretol may induce its own metabolism, the half-life is also 
variable. Initial half-life values range from 25-65 hours, with 12-17 hours on repeated 
doses. Tegretol is metabolized in the liver After oral administration of 14C-carbamazepine, 
72% of the administered radioactivity was found in the urine and 28% in the feces. This 
urinary radioactivity was composed largely of hydroxylated and conjugated metabolites. 
with only 3% of unchanged Tegretol. Transplacental passage of Tegretol is rapid (30 to 60 
minutes), and the drug is accumulated in fetal tissues, with higher levels found in liver and 
kidney than in brain and lungs. 
INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug. Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived from active drug-controlled studies 
that enrolled patients with the following seizure types 
1 Partial seizures with complex symptomatology (psychomotor. temporal lobe). Patients 
with these seizures appear to show greater improvement than those with other types. 
2 Generalized tonic-clonic seizures (grand mal) 
3 Mixed seizure patterns which include the above. or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS, General) 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not a simple analgesic and should not be used for the relief of trivial aches or 


pains 

CONTRAINDICATIONS 

Tegretol should not be used in patients with a history of previous bone marrow depression, 
hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds. such 
as amitriptyline, desipramine, imipramine, protriptyline nortriptyline, etc. Likewise, on 
theoretical grounds its use with monoamine oxidase inhibitors 1s not recommended 

Before administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days, or longer if the clinical situation permits. 

WARNINGS 

Patients with a history of adverse hematologic reaction to any drug may be particularly at 
risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell's syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretol. These reactions have 
been extremely rare. However, a few fatalities have been reported 

Tegretol has shown mild anticholinergic activity, therefore, patients with increased 
intraocular pressure should be closely observed during therapy 

Because of the relationship of the drug to other tricyclic compounds, the possibility of 
activation of a latent psychosis and, in elderly patients, of confusion or agitation Should be 
borne in mind 
PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination should be 
made 
Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures. since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
a history of cardiac, hepatic or renal damage. adverse hematologic reaction to other 
drugs, or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem. such as fever, sore throat, ulcers in the 
mouth, easy bruising, petechial or purpuric hemorrhage. and should be advised to report 
to the physician immediately if any such signs or symptoms appear. 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts, including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline If a patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts, the patient should 
be monitored closely. Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver function. particularly in patients with a history 
of liver disease, must be performed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations. including slit-lamp, funduscopy and tonome- 
try. are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dysfunction 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 


and safety of anticonvulsants. This monitoring may be particularly useful in cases ot 
dramatic increase in seizure frequency and for venfication of compliance. In addition, 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use. either alone or in 
Combination with other drugs. 
Drug Interactions: The simultaneous administration of phenobarbital. phenytoin, or 
primidone, or a combination of two, produces a marked lowering of serum levels of 
Tegretol. The effect of valproic acid on Tegretol blood levels is not clearly established 

The half-lives of phenytoin, warfarin, doxycycline, and theophylline were significantly 
shortened when administered concurrently with Tegretol. Haloperidol and valproic acid 
serum levels may be reduced when these drugs are administered with Tegretol. The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen 

Concomitant administration of Tegretol with erythromycin, cimetidine, propoxyphene 
isoniazid or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases. Also, concomitant administration of 
carbamazepine and lithium may increase the risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine, when admin- 
istered to Sprague-Dawley rats for two years in the diet at doses of 25. 75, and 250 
mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must. therefore, be considered to be carcinogenic in Sprague-Dawley 
rats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results. The significance of these findings relative to the use of carbamazepine in 
humans is, at present, unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in reproduction 
studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg. In rat teratology studies, 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate, 1: talipes, 1. 
anophthalmos, 2). In reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Tegretol should 
be used during pregnancy only if the potential benefit justifies the potential risk to the 
fetus 

Retrospective case reviews suggest that, compared with monotherapy, there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy. Therefore, monotherapy is recommended for pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life In 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient, discontinuation of the 
drug may be considered prior to and during pregnancy, although it cannot be said with any 


Only TEGRETOL, 
brand of carbamazepine, 
provides the prescribing 


lexibility of a 100-mg scored 
chewable tablet, as well as 
a 200-mg scored tablet 





forigenca that even minor seizures do not pose some hazard to the developing embryo or 
letus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation, concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants from carbamaz- 
epine, a decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the mother. 
Pediatric Use: Satety and effectiveness in children below the age of 6 years have not been 
established 
ADVERSE REACTIONS 
It adverse reactions are of such severity that the drug must be discontinued, the physician 
must be aware that abrup! discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most frequently observed adverse reactions. particularly during the initial phases of 
therapy, are dizziness, drowsiness, unsteadiness. nausea, and vomiting To minimize the 
possibility of such reactions, therapy should be initiated at the low dosage recommended 

The following additional adverse reactions have been reported 
Hemopoletic System Aplastic anemia, agranulocytosis, pancytopenia, bone marrow 
depression, thrombocytopenia, leukopenia, leukocytosis: eosinophilia 
Skin: Pruritic and erythematous rashes, urticaria, toxic epidermal necrolysis (Lyell's. 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS). photosensi- 
tivity reactions. alterations in skin pigmentation. exfoliative dermatitis, erythema multi- 
forme and nodosum, purpura, aggravation of disseminated lupus erythematosus 
alopecia, and diaphoresis In certain cases, discontinuation of therapy may be necessary 
Cardiovascular System’ Congestive heart failure. edema, aggravation of hypertension, 
hypotension. syncope and collapse, aggravation of coronary artery disease, arrhythmias 
and AV block, primary thrombophlebitis, recurrence of thrombophlebitis, and adenopathy 
or lymphadenopathy. 

Some of these cardiovascular complications have resulted in fatalities. Myocardial 
infarction has been associated with other tricyclic compounds 
Liver. Abnormalities in liver function tests, cholestatic and hepatocellular jaundice 
hepatitis 
Respiratory System. Pulmonary hypersensitivity characterized by fever. dyspnea, pneu- 
monitis or pneumonia 
Genitourinary System. Urinary frequency, acute urinary retention, oliguria with elevated 
blood pressure, azotemia. renal failure, and impotence Albuminuria, glycosuria, elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegretol orally from 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day. Additionally, rats receiving Tegretol in the diet for two years 
at dosage levels of 25. 75, and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis. In dogs, it produced a brownish discoloration presum- 
ably a metabolite. in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown 
Nervous System. Dizziness, drowsiness, disturbances of coordination, confusion, head- 
ache. fatigue, blurred vision, visual hallucinations, transient diplopia, oculomotor distur- 
bances, nystagmus, speech disturbances, abnormal involuntary movements peripheral 
neuritis and paresthesias. depression with agitation. talkativeness, tinnitus, and hyper- 
acusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency, but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausea. vomiting, gastric distress and abdominal pain, diarrhea 
constipation, anorexia. and dryness of the mouth and pharynx, including glossitis and 
stomatitis 
Eyes: Scattered. punctate. cortical lens opacities, as well as conjunctivitis have been 
reported. Although a direct causal relationship has not been established, many phenothia- 
zines and related drugs have been shown to cause eye changes 
Musculoskeletal System. Aching joints and muscles, and leg cramps 
Metabolism Fever and chills. Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported. Cases of frank water intoxication. with decreased serum sodium 
(hyponatremia) and confusion, have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests). 
Other: Isolated cases of a lupus erythematosus-like syndrome have been reported. There 
have been occasional reports of elevated levels of cholesterol, HDL cholesterol and 
triglycerides in patients taking anticonvulsants. 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol, nor is there evidence ot 
psychological or physica! dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose: adults, >60 g (39-year-old man) Highest known doses 
survived: adults, 30 g (31-year-old woman); children, 10 g (6-year-old boy); small 
children, 5 g (3-year-old girl) 

Oral LD5q in animals (mg/kg): mice, 1100-3750: rats, 3850-4025; rabbits. 1500-2680 
guinea pigs, 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
most prominent. Cardiovascular disorders are generally milder, and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration: Irregular breathing. respiratory depression 
Cardiovascular System: Tachycardia, hypotension or hypertension, shock, conduction 
disorders 
Nervous System and Muscles: Impairment of consciousness ranging in severity to deep 
coma. Convulsions, especially in small children. Motor restlessness, muscular twitching, 
tremor, athetoid movements, opisthotonos. ataxia, drowsiness. dizziness, mydriasis. 
nystagmus, adiadochokinesia, ballism, psychomotor disturbances. dysmetria. Initial 
hyperreflexia. followed by hyporeflexia 
Gastrointestinal Tract: Nausea, vomiting 
Kidneys and Bladder. Anuria or oliguria, urinary retention 
Laboratory Findings: Isolated instances of overdosage have included leukocytosis, re- 
duced leukocyte count, glycosuria and acetonuria. EEG may show dysrhytnmias 
Combined Poisoning: When alcohol, tricyclic antidepressants, barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prógnosis in cases of severe poisoning is critically dependent upon prompt elimination 
of the drug, which may be achieved by inducing vomiting, irrigating the stomach, and by 
taking appropriate steps to diminish absorption. If these measures cannot be implemented 
without risk on the spot, the patient should be transferred at once to a hospital, while 
ensuring that vital functions are safeguarded. There is no specitic antidote 
Elimination of the Drug. Induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug, the stomach should be repeatedly irngated. especially if the patient has also 
consumed alcohol 
Measures to Reduce Absorption. Activated charcoal, laxatives 
Measures to Accelerate Elimination: Forced diuresis 

Dialysis is indicated only in severe poisoning associated with renal failure. Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression. Keep the airways free; resort, if necessary, to endotracheal 
intubation, artificial respiration, and administration of oxygen 
Hypotension. Shock: Keep the patient's legs raised and administer a plasma expander It 
blood pressure fails to nse despite measures taken to increase plasma volume, use ot 
vasoactive substances should be considered 
Convulsions. Diazepam or barbiturates 
Warning: Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension. and coma However, barbiturates should not be used if drugs that 
inhibit monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one week). 
Surveillance: Respiration, cardiac function (ECG monitoring), blood pressure, body tem- 
perature, pupillary reflexes, and kidney and bladder function should be monitored for 
Several days. 
Treatment of Blood Count Abnormalities: Y evidence of significant bone marrow depres- 
sion develops, the following recommendations are suggested: (1) stop the drug (2) per- 
form daily CBC. platelet and reticulocyte counts, (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Special periodic studies might be helpful as follows. (1) white cell and platelet anti- 
bodies, (2) 59Fe—terrokinetic studies, (3) peripheral blood cell typing, (4) cytogenetic 
studies on marrow and peripheral blood, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis tor Ay and F hemoglobin and (7) serum 
folic acid and B12 levels 

A fully developed aplastic anemia will require appropriate, intensive monitoring and 
therapy, for which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests). Dosage should be adjusted to the needs of the individ- 
ual patient. A low initial daily dosage with a gradual increase is advised. As soon as 
adequate control is achieved, the dosage may be reduced very gradually to the minimum 
effective level. Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg b «d. Increase at weekly 
intervals by adding up to 200 mg per day using atid orgid. regimen until the best 
response is obtained. Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age. and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily have been used in adults in rare instances. Maintenance: Adjust dosage to the 
minimum effective level. usually 800-1200 mg daily. 
Children 6-12 years of age— Initial: 100 mq b | d Increase at weekly intervals by adding 
100 mg per day using a 1.1 d. org 1. d. regimen until the best response is obtained. Dosage 
should generally not exceed 1000 mg. Maintenance: Adjust dosage to the minimum 
effective level, usually 400-800 mg daily. 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants. When 
added to existing anticonvulsant therapy, the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased. except phenytoin, which 
may have to be increased (see PRECAUTIONS, Drug Interactions and Pregnancy Category 
C 


) 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: 100 mg b i d on the first day for a total daily dose of 200 mg This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom from pain. Do not exceed 1200 mg daily 
Maintenance: Control of pain can be maintained in most patients with 400 mg to 800 mg 
daily However, some patients may be maintained on as little as 200 mg daily, while others 
may require as much as 1200 mg daily. At least once every 3 months throughout the 
treatment period, attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug. 
HOW SUPPLIED 
Chewable Tablets 100 mg—round. red-speckled. pink. single-scored (imprinted Tegretol 
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Observations 


Evoked Potential Studies in Mitochondrial 


Encephalomyopathy 


Sadatoshi Tsuji, MD; Takenori Uozumi, MD; Shuji Nakano, MD; Akio Ohnishi, MD; Yoshiyuki Murai, MD 


* Evoked potentials were studied in a 
patient with a mitochondrial encephalomy- 
opathy revealing a defect of nicotinamide- 
adenine dinucleotide dehydrogenase and 
cytochrome C oxidase in the mitochondria 
of a muscle biopsy specimen. The biopsy 
Specimen showed myopathic changes 
with ragged-red fibers and markedly de- 
creased cytochrome C oxidase in the mus- 
cle fibers. Subcortical somatosensory 
evoked potentials to median nerve stimu- 
lation were normal in the peak latencies of 
N9, N11, and N13. Cortical somatosensory 
evoked potentials to median nerve stimu- 
lation revealed significantly delayed peak 
latencies of N20, P20, P25, and N26, 
although N16 latency was normal. In par- 
ticular, the interpeak latency between N16 
and N20 was significantly delayed. In to- 
pographic maps, N20 and P20 were de- 
layed in the peak latencies with normal 
scalp distributions. Dysfunction of soma- 
tosensory cortex indicated by the delay of 
cortical somatosensory evoked potentials 
may be related to a cortical mitochondrial 
abnormality. The absence of responses to 
auditory stimulation within 10 millisec- 
onds could be related to the dysfunction of 
peripheral acoustic nerves. 

(Arch Neurol. 1990;47:465-467) 


itochondrial encephalomyopathy 
was originally described by Sha- 
pira et al,’ who confirmed that cerebral 
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symptoms were frequently combined 
in the mitochondrial myopathy. There 
has been no study of somatosensory 
evoked potentials (SEPs) in mitochon- 
drial encephalomyopathy, although 
central nervous system involvement is 
often prominent.’ 

We studied the topography of corti- 
cal SEPs to median nerve stimulation 
to investigate the dysfunction of the 
central somatosensory pathways in a 
patient with a mitochondrial enceph- 
alomyopathy revealing a defect of nic- 
otinamide-adenine dinucleotide dehy- 
drogenase (complex I) and cytochrome 
C oxidase (complex IV) in the mito- 
chondrial respiratory chain. 


REPORT OF A CASE 


A 27-year-old man presented with muscle 
weakness and atrophy in all extremities 
that had become progressively worse since 
onset at age 12 years. Hearing loss had de- 
veloped bilaterally at age 12 years. He had 
vomited frequently after exercise and had 
become easily fatigued since age 18 years. 
No mental retardation had been noted. His 
family history was noncontributory. There 
had been normal development until age 12 
years except for a febrile convulsion. 

General physical examination showed 
short stature and emaciation. He was 156 
cm tall and weighed 36 kg. There was no 
heart block. 

Neurologic examination revealed a blank 
facial expression, mild dementia (Wechsler 
Adult Intelligence Scale IQ, 81; slow mental 
reaction; and poor calculation), pale optic 
discs, bilateral perceptive hearing loss 
(right ear, 70 dB; left ear, 61.25 dB), and 
moderate diffuse muscle weakness and at- 
rophy in the neck and all extremities. Mus- 
cle tones in all extremities were hypotonic. 
His grips were 8 kg on the right and 7 kg on 
the left hand. Deep tendon reflexes in all 
extremities were  hypoactive without 


pathologic reflexes. There were no general- 
ized seizures, ophthalmoplegia, retinal de- 
generation, cerebellar signs, extrapyra- 
midal signs, myoclonus, sensory impair- 
ment, or autonomic disturbances. 


Laboratory Data 


Results of the following studies were 
normal or negative: urinalysis, renal and 
liver function, serum electrolytes, serologic 
studies, gas analysis of arterial blood, and 
cerebrospinal fluid. Serum creatine kinase 
was not increased (25 to 44 U/L; normal 
range, 49 to 182 U/L). Serum lactate was 
significantly inereased (2.1 to 7.8 mmol/L; 
normal range, 1.0 to 1.8 mmol/L), although 
serum pyruvate was within normal limits 
or slightly increased (34 to 136 «mol/L; 
normal range, 34 to 68 umol/L). Electro- 
cardiography showed incomplete right bun- 
dle-branch block. Electroencephalography 
revealed generalized intermittent rhyth- 
mic slow waves characterized by high-am- 
plitude delta activities (over 70 uV) A 
moderate, diffuse atrophy of cerebrum and 
brain stem was noted by head computed to- 
mographic examination in September 1986. 
Low-density areas in the bilateral putamen 
and globus pallidus were detected by com- 
puted tomography in March 1987, 

Nerve conduction studies showed normal 
motor conduction velocity (MCV) (58.2 m/s) 
and sensory conduction velocity (SCV) (50.0 
m/s) in the right median nerve. The right 
peroneal nerve showed normal MCV (45.3 
m/s), but decreased amplitude of the motor 
potentials (1 mV). The right sural nerve 
also showed normal SCV (46.7 m/s), but de- 
creased amplitude of the sensory potentials 
(5 uV). Needle electromyographic studies 
showed myopathic patterns in the right 
deltoid, first dorsal interosseous, gastroc- 
nemius, and anterior tibial muscles that 
were characterized by increased insertion 
activities, fibrillation, and low-amplitude 
and polyphasic motor unit potentials with 
short duration. p 

A biopsy specimen of the 
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ceps femoris muscle showed myopathic 
changes with ragged-red fibers. On enzyme 
histochemistry, muscle fibers with mark- 
edly decreased cytochrome C oxidase were 
abundant. The activities of both nicotina- 
mide-adenine dinucleotide dehydrogenase 
(complex I) and cytochrome C oxidase (com- 
plex IV) in the mitochondria of the quadri- 
ceps femoris muscle biopsy specimen were 
less than 50% of those of a control specimen 
(complex I, 24.7 nmol/min per milligram of 
mitochondrial protein [normal range, 82.8 
to 132.5 nmol/min]; complex IV, 72.5 nmol/ 
min per milligram of mitochondrial protein 
[normal range, 144.7 to 355.8 nmol/min]). In 
the sural nerve biopsy specimen, the densi- 
ties of both large and small myelinated fi- 
bers were moderately decreased and dener- 
vated Schwann cell clusters were increased 
in density. Results of quantitative analysis 
of teased myelinated fibers was normal. 


Neurophysiologic Study 


Scalp distribution of SEPs to right me- 
dian nerve stimulation is shown in Fig 1. 
P13 and N16 were normally distributed 
widely over the scalp with prominent po- 
tentials on the frontocentroparietal areas 
bilaterally. Peal latencies of P13 and N16 
were normal (14.45 and 17.90 milliseconds, 
respectively). Cortical components P20 and 
N26 were distributed over both frontal 
areas, and N20 and P25 over the left cen- 
troparieto-occipital regions contralateral 
to the stimulation (Fig 1). Scalp distribu- 
tions of these cortical components were 
normal. However, peak latencies of N20 and 
P20, and the interpeak latency between N16 
and N20 (7.85 milliseconds), were signifi- 
cantly delayed (Figs 1 and 2). Peak latencies 
of P25 and N26 were also significantly 
delayed (37.60 and 38.50 milliseconds, re- 
spectively). Likewise, peak latencies of cor- 
tical SEPs to left median nerve stimulation 
were significantly delayed: N20, 24.45 milli- 
seconds; P20, 25.75 milliseconds; P25, 32.30 
milliseconds; and N26, 41.75 milliseconds, 
although P13 and N16 were normal in the 
peak latencies (14.85 and 18.20 milliseconds, 
respectively). The interpeak latency be- 
tween N16 and N20 (6.25 milliseconds) was 
also significantly delayed. The mean (+ SD) 
peak latencies of P13, N16, N20, P20, P25, 
and N26 in 30 normal subjects were 
14.20 + 1.34, 17.88 + 1.08, 20.25 + 1.17, 
20.85 + 1.38, 25.56 + 2.16, and 26.40 + 2.41 
milliseconds, respectively. The mean inter- 
peak latency between N16 and N20 in 30 
normal subjects was 2.83 + 0.51 millisec- 
onds. The criteria for abnormal evoked po- 
tentials in this article include absence of 
evoked potentials and significant prolonga- 
tion of peak and interpeak latencies that 
were greater than 3 SDs from the mean. 

In topographic maps, N20 and P20 were 
delayed in peak latencies with normal scalp 
distributions, whereas the peak latencies 
and scalp distribution of N16 were normal 
(Fig 2). 

The methods of plotting topographic 
maps and scalp distributions of SEPs to 
median nerve stimulation have been de- 
scribed elsewhere.** 

Short-latency SEPs to independent left 
and right median nerve stimulation were 
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Fig 1.— Scalp distribution of somatosensory evoked potentials to right median nerve stimulation. 
Linked ear electrodes (A, and A,) were used as reference points. The number of stimuli was 1024; 


filter setting was 32 to 300 Hz (—3 dB). 


normal in the peak latencies: N9, 8.9 and 8.6 
milliseconds; N11, 11.3 and 11.1 millisec- 
onds; and N13, 14.0 and 14.0 milliseconds, 
respectively. However, the interpeak laten- 
cies between N13 and N20 to independent 
left and right median nerve stimulation were 
significantly delayed (9.4 and 11.9 millisec- 
onds, respectively; normal range, 5.9 + 04 
milliseconds [15 subjects examined). 

Brain-stem auditory evoked potentials to 
independent left and right ear stimulation 
were not recorded within 10 milliseconds. 
In the pattern-reversal visual evoked po- 
tentials, the peak latencies of P100 to inde- 
pendent right and left eye stimulation were 
110.8 and 118.0 milliseconds, respectively, 
and were within normal limits (normal 
range, 101.8 + 5.4 milliseconds [20 subjects 
examined). 


COMMENT 


In our case, mitochondrial myopa- 
thy was confirmed by the enzyme his- 
tochemistory revealing nicotinamide- 
adenine dinucleotide dehydrogenese 
(complex I) and cytochrome C oxidase 
(complex IV) deficiency in the mito- 
chondria of the muscle biopsy speci- 
men. Central nervous system involve- 
ments were suggested by mild demen- 
tia, bilateral perceptive hearing loss, 
generalized intermittent slow waves 
on the electroencephalogram, and ce- 
rebral and brain-stem atrophy on com- 


puted tomography. In addition, cere- 
bral infarctions were developed on the 
bilateral putamen and globus pallidus 
6 months after the neurophysiologic 
studies. 

The  neurophysiologic ^ studies 
showed that subcortical SEPs to me- 
dian nerve stimulation were normal in 
the peak latencies of N9, N11, and N13, 
which indicated normal function of the 
somatosensory pathways between the 
peripheral nerve and upper cervical 
posterior column. The origins of N11 
and N13 have been speculated to be the 
dorsal rootlet of the sixth cervical cord 
and cervical dorsal columns at or 
below the foramen magnum,, re- 
spectively.^ The physiologie data in 
this case were supported by the patho- 
logic findings of the spinal cord, which 
was well preserved. On the other 
hand, cortical SEPs to median nerve 
stimulation revealed significantly de- 
layed interpeak latency between N16 
and N20 and peak latencies of N20, P20, 
P25, and N26, although N16 latency 
was normal. These data suggest that 
the somatosensory pathways were in- 
volved between the thalamus and the 
cerebral cortex because of signifi- 
cantly delayed interpeak latency be- 
tween N16 and N20. We speculate that 
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Fig 2.—Dynamic topography of somatosensory evoked potentials to right median nerve stimula- 
tion, with 1-millisecond intervals between successive maps. The scale of amplitudes of negative 
(N16, N20) and positive (P20) potentials was divided into 5 classes, from —1 to —5 and +1 to 


+5, respectively. O refers to the level of the base 


the origins of these SEPs are as fol- 
lows: N16 is generated in the vicinity of 
the thalamus, and N20 and P20 are 
generated as a single horizontal dipole 
in the central fissure (area 3b), 
whereas P25 and N26 are a reflection of 
multiple generators in prerolandic and 
postrolandic regions.** A few au- 
thors have mentioned that N20 is gen- 
erated in the thalamus or thalamocor- 
tical radiations, and P20 in the precen- 
tral fissure. 

No previous study of cerebral evoked 
potentials in mitochondrial encephalo- 
myopathy has been reported. Patho- 
logic examinations in cases of mito- 
chondrial encephalomyopathy have 
showed spongy changes and multiple 
cortical infarcts in the brain 2^2 
Kuriyama et al’ noted that widespread 
cortical infarcts did not conform to the 
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line. Latency, 0.30 uV per step. 


territories of the main blood vessels. 
The pathogenesis of cerebral degener- 
ation in mitochondrial encephalomy- 
opathy is speculated to relate to a 
widespread mitochondrial abnor- 
mality.”"* From these pathologic 
findings, we speculate that delayed 
cortical SEPs in our case were caused 
by dysfunction of the somatosensory 
cortex, which could be related to a cor- 
tical mitochondrial abnormality in the 
respiratory chain, although no sensory 
disturbances were detected clinically. 

The absence of responses to auditory 
stimulation within 10 milliseconds 
suggests dysfunction of bilateral pe- 
ripheral acoustic nerves that could 
have caused the perceptive hearing 
loss in our case. Normal pattern-re- 
versal visual evoked potentials reveal 
that the visual pathways between ret- 


ina and visual cortex were not involve 
in this case. 

These neurophysiologic results sug- 
gest the possibility that a defect of 
nicotinamide-adenine dinucleotide de- 
hydrogenase and cytochrome C oxi- 
dase in the mitochondrial respiratory 
chain present in the skeletal muscle 
are also being expressed in the soma- 
tosensory cerebral cortex and the au- 
ditory system. 


We thank Ikuya Nonaka, MD, and Yasutoshi 
Koga, MD (National Center of Neurology and 
Psychiatry, Tokyo, Japan) for determining nico- 
tinamide-adenine dinucleotide dehydrogenase 
and cytochrome C oxidase levels. 
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Pseudallescheria boydii Infection of the 
. Central Nervous System 
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€ Pseudallescheria boydii is a rare 
cause of central nervous system infection 
 characteristically presenting as a neutro- 
philic meningitis or multiple brain ab- 
scesses. Factors predisposing to central 
nervous system infection with this fungus 
include immunosuppression and near 
drowning. The organism is infrequently 
cultured from fluid obtained by lumbar 
puncture, delaying clinical recognition 
and appropriate antifungal therapy. All un- 
treated patients with P boydii infection of 
the central nervous system died. We de- 
scribe a patient who developed a persis- 
tent neutrophilic meningitis with focal neu- 
rologic deficits due to P boydii 6 months 
after a freshwater aspiration pneumonia. 
We also review the characteristic clinical 
and pathologic features of previously re- 
ported cases and emphasize the impor- 


Y ; tance of early detection and treatment in 


the management of this frequently intrac- 
table disease. 
(Arch Neurol. 1990;47:468-472) 


Pirseudallescheria boydii, previously 
known as Petriellidium boydii and 
Allescheria boydii, is a ubiquitous fun- 
gus found in soil, streams, and coastal 
waters. It is a rare cause of central 
nervous system (CNS) infection. To 
our knowledge, only 20 cases have been 
described in the world literature." 
The organism is the most common 
cause of mycetoma (Madura foot), a 
chronic suppurative fungal infection 
of the lower extremities.“ The lungs 
are the most frequent site of deep in- 
fection. Pseudallescheria boydii has 
also been reported as a cause of corneal 
infections, sinusitis, thyroid abscesses, 
chronic otitis externa, parotitis, pros- 
tatitis, arthritis, osteomyelitis, en- 
doearditis, and disseminated infec- 
tions.” Infection other than mycetoma 
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is seen primarily in the immunocom- 
promised host. 

We describe a patient who developed 
a persistent neutrophilic meningitis 
with focal neurologic events due to P 
boydii 6 months after a freshwater as- 
piration pneumonia. The infrequent 
occurrence of CNS infection with this 
organism, as well as the repeated dif- 
ficulty encountered in making an an- 
temortem diagnosis despite a charae- 
teristic clinical presentation, occa- 
sioned this case description and 
literature review. 


REPORT OF A CASE 

A 32-year-old right-handed insulin-de- 
pendent diabetic man was admitted with 
headache and fever. Six months prior to 
admission, following a motor vehicle acci- 
dent in New Hampshire, he was found lying 
face down in a puddle. He developed an as- 
piration pneumonia, empyema, and adult 
respiratory distress syndrome. Cultures of 
the empyema yielded a- and 8-hemolytie 
streptococcus, Escherichia coli, Klebsiella 
pneumoniae, and a mold that was not fur- 
ther identified. The patient was treated 
with antibiotics, chest tube drainage, and a 
right thoracotomy. He left the hospital 1 
month after the accident. 

Four months prior to admission, he suf- 
fered a generalized seizure and was treated 
with phenytoin sodium. The findings of 
computed tomography (CT) of the head and 
electroencephalography were normal. 

The current admission was preceded by a 
dull bifronto-occipital headache of 6 weeks’ 
duration, mild neck stiffness, noeturnal di- 
aphoresis, and intermittent speech difficul- 
ties. The patient had a seizure disorder in 
childhood, and he had a history of alcohol 
and intravenous drug abuse 10 years prior 
to this admission. On admission, he was 
sleepy, easily arousable, afebrile, and did 
not appear ill. His language was fluent with 
paraphasic errors. There was a mild right 
ptosis and left central facial weakness. 
When walking he listed to the left. The 
findings of the motor examination were 
otherwise normal. The sensory examina- 
tion disclosed a distal symmetrical periph- 
eral neuropathy. 

Lumbar puncture revealed the following 
values: white blood cells, 1261 X 10°/L (0.68 
polymorphonuclear leukocytes, 0.17 lym- 
phocytes, and 0.15 monocytes); glucose, 5.3 
mmol/L; and protein, 0.62 g/L. Gram’s 
stain and cultures were negative. 

The patient was treated with ampicillin 
sodium and chloramphenicol sodium succi- 
nate. A lumbar puncture was repeated 2 
days later. The white blood cell count had 


increased to 4444 x 10/L (0.89 polymor- 
phonuclear leukocytes, 0.10 lymphocytes, 
and 0.01 monocytes), with glucose, 6.4 
mmol/L; and protein, 0.71 g/L. Cerebrospi- 
nal fluid (CSF) and blood cultures were 
sterile, and serum and CSF specimens were 
negative for cryptococcal antigen. A CT 
scan of the head showed an area of low 
density in the right thalamus (Fig 1). The 
peripheral white blood cell count was 
14.2 x 10°/L (0.73 polymorphonuclear leu- 
kocytes, 0.10 band cells, 0.12 leukocytes, and 
0.05 monocytes). The erythrocyte sedimen- 
tation rate was 6 mm/h. Antibody to hu- 
man immunodeficieney virus by standard 
commereially available enzyme-linked im- 
munosorbent assay was negative. Echocar- 
diography demonstrated normal valves 
without vegetations. 

On the 10th hospital day, the patient de- 
veloped a left hemiparesis and a left hom- 
onymous hemianopia. The right ptosis and 
left facial weakness had worsened, and the 
patient had right-sided ataxia and sensory 
extinction on the left side. A CT scan was 
unchanged. A cerebral angiogram revealed 
occlusion of the right posterior cerebral ar- 
tery immediately distal to its origin from 
the basilar artery (Fig 2). 

The patient developed a headache and 
was febrile (to 38.9°C). Heparin therapy 
was initiated on the 12th hospital day in 
response to progressive worsening of his 
left-sided sensory and motor signs. 

The patient became progressively more 
drowsy and could only be awakened by 
painful stimuli. On the 20th hospital day, a 
right frontal craniotomy was performed 
with biopsy of meninges and brain. The tis- 
sue subsequently showed signs of acute and 
chronic inflammation, but no organisms 
were cultured or seen on histologic sections. 


Ampicillin and chloramphenicol therapy” 


was discontinued. 

A C1-2 cervical puncture disclosed the 
following values: white blood cells, 
1333 x 10°/L (0.91 polymorphonuclear leu- 
kocytes and 0.09 lymphocytes); glucose, 10.1 
mmol/L; and protein, 0.29 g/L. Cultures of 
the CSF were negative. 

Empirie treatment with amphotericin B 
and sulfamethoxazole-trimethoprim was 
begun. There was a modest improvement in. 
the patient's level of arousal. Eight days 
later the patient vomited and became un- 
arousable, tachycardiae, and hypotensive, 
with fixed and dilated pupils. He was suc- 
cessfully resuscitated. He had papilledema 
and no brain-stem reflexes. The CT scan 
showed diffuse cerebral edema, hydroceph- 
alus, a larger hypodensity in the right tha- 
lamic region, and a right medial occipital 
infarct. Life support measures were discon- 
tinued 36 hours later. 
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Fig 1.—Computed tomographic scan showing 
an area of low density in the posterior aspect 
of the right thalamus. 


AUTOPSY REPORT 


General autopsy demonstrated fi- 
brous adhesions throughout the right 
pleural cavity, with consolidation in 
the dependent segments of both lungs. 
The endocardial surfaces of the heart 
were smooth, and the valve leaflets 
were free of vegetations. 

The fixed brain weighed 1330 g. The 
leptomeninges were thickened, and a 
focus of dark-green thick fluid was 
noted over the right parietal convex- 
ity. The meninges at the base of the 
brain were cloudy with abundant yel- 
low-green thick fluid overlying the cir- 
cle of Willis and obscuring the course 
of the cranial nerves. 

The basilar artery contained orga- 
nized thrombus. The right posterior 
cerebral artery had a pinpoint lumen 
that measured 1.5 mm, with prominent 
thickening of the vessel wall. The left 
posterior cerebral artery had a lumi- 
nal diameter of 2 mm at its origin. 

The ventricles were of normal size 
and contained cloudy, blood-tinged 
fluid. The ventricular walls were 
roughened with fibrous adhesions. 
There were areas of softening, with 
liquefaction in the right posterior 
thalamus measuring 6 X 4 X 5 em and 
in the left thalamus measuring 
2X1X1.5 em. Additional areas of 
softening were present in the right oc- 
cipital lobe and in the cerebellum in- 
volving the region of the fourth ven- 
tricle and right dentate nucleus. There 
was a single punctate dark-red lesion 
in the right pons. 

Microscopic examination revealed 
meningitis characterized by a dense 
inflammatory infiltrate composed of 
numerous multinucleated giant cells 
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Fig 2.— Cerebral angiogram showing occlusion of the right posterior cerebral artery immediately 
distal to its origin from the basilar artery. 


Fig 3.— Arterial wall showing interruption of internal elastic lamina and destruction of media with 
abscess formation (elastic tissue stain, X 100). 
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Fig 4.— Pseudallescheria boydiiin lactophenol 
cotton blue tease wet mount from culture. Note 
the characteristic ovate conidia arising singly 
from the sides and tips of the conidiophores 
(X400). 


and chronic inflammatory cells and a 
proliferation of connective tissue. Fun- 
gal elements were seen throughout the 
leptomeninges. Numerous blood ves- 
sels, including the right posterior ce- 
rebral and basilar arteries, had under- 
gone extensive necrosis and thrombo- 
sis. There was destruction of all layers 
of the vessel wall, with an inflamma- 
tory reaction and infiltration by fungal 
hyphae (Fig 3). Extensive necrosis was 
present in the territory of the throm- 
bosed vessels, with extension of the 
meningeal infiltrate to the paren- 
chyma in the area of necrosis. Fungal 
elements were present within the ne- 
crotic tissue, particularly in the right 
thalamic lesion. 

A cisternal tap was performed with 
sterile technique at the time of au- 
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topsy. Wet mounts and permanently 
stained smears of the fluid revealed 
many polymorphonuclear leukocytes 
and septate hyphae. Cultures of the 
cisternal fluid and of the exudate from 
the base of the brain yielded rapidly 
growing, dark-gray fungal colonies 
that microscopically showed septate 
hyphae and terminal clavate or ovate 
conidia with a prominent truncated 
base (Fig 4). The colonial and micro- 
scopic morphological features were 
characteristic of P boydii. 


COMMENT 


Pseudallescheria boydii rarely af- 
fects the CNS. To our knowledge, only 
20 cases have been previously reported 
in the world literature. All of the 
patients involved presented with ei- 
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Pathologic 
Source, y y/Sex Medical History Findings Treatment Outcome 
Benham and 46/F Spinal anesthesia in Meningitis None Death 
Georg,' 1948; endemic area 
Aronson et al,? 
1953 
Rosen et al,’ 1965 19/F Subacute Brain abscesses and None Death 
glomerulonephritis thyroid abscess 
and pregnancy 
Forno and 56/M Systemic lupus Brain abscesses and Surgery Death 
Billingham,* 1972 erythematosus thyroid abscess 
Selby,* 1972 49/F Remote history of Subcutaneous abscess Surgery Improved 
nonpenetrating back involving meninges 
trauma 
Peters et al,© 1976 25/M Ventriculoperitoneal Meningitis 
shunt 
Winston et al,’ 57/F Acute myelogenous Brain abscess Antibiotics Death 
1977 leukemia 
Walker et al,? 1978 37/M Renal allograft Brain abscesses and Amphotericin B and Death 
thyroid abscess flucytosine 
Bell and Myers,’ 3/M Acute lymphoblastic Brain abscess Surgery and Survived 
1978 leukemia amphotericin B 
Bryan et al, 1980 47/F Chronic headache and Sinusitis with extension Surgery, amphotericin Death 
"sinus problem" into orbitofrontal B, and miconazole 
surface of brain 
Fry and Young," 69/F Chronic headache, Brain abscesses Surgery, amphotericin Death 
1981 nausea, and vomiting B, and miconazole 
Watanabe and 62/M Pulmonary tuberculosis Meningitis Antibiotics Death 
Hironaga,"? 1981 10 years previously 
Fisher et al,'?^ 1982 19/M Near drowning Brain abscess Miconazole and shunt Death 
Shih and Lee,'^ 22/M Acute lymphocytic Brain, thyroid, lung, None Death 
1984 leukemia and kidney 
abscesses 
Schiess et al,'* 61/F Diabetes mellitus Meningitis and Miconazole and Stabilized 
1984 pansinusitis ketoconazole 
Anderson et al,'* 4/M Penetrating trauma to Orbit and brain Surgery, amphotericin Survived 
1984 orbit abscesses B, and miconazole 
Dubeau et al," 22/M Near drowning Brain abscesses, heart Shunt and amphotericin Death 
1984 and kidney abscess B 
Yoo et al,'^ 1985 54/M Non-Hodgkin's Brain abscesses None Death 
lymphoma 
Travis et al,'^ 1985 40/M Aspiration of hog Brain abscesses Surgery and Death 
manure miconazole 
Baudrillard et al,” 32/F Near drowning, Brain abscesses Surgery, amphotericin Death 
1985; Gari et alcoholism, and B, and ketoconazole 
al,?' 1985 cirrhosis 
Alsip and Cobbs,** 30/F Cardiac transplant Meningitis Ventriculostomy, Death 
1986 amphotericin B, and 





miconazole 
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ther meningitis or brain abscesses (Ta- 
ble). 

Benham and Georg! and Aronson et 
al’ described a 46-year-old nonimmu- 
nocompromised woman who presented 
with meningitis 1 month after spinal 
anesthesia for a ventral herniorrha- 
phy in an area endemic for maduro- 
mycosis. Four additional cases of men- 


^ingitis due to P boydii have been 


E tients 


‘described. Possible predisposing fac- 


tors in these patients included immu- 
nosuppression after cardiac trans- 
plantation,” diabetes mellitus, a 
ventriculoperitoneal shunt for hydro- 
cephalus,’ and a history of treated 
pulmonary tuberculosis 10 years 
earlier.^ A sixth patient had 
meningeal involvement due to the ex- 
tension of the subcutaneous abscess. 
Fourteen patients with brain ab- 
scesses have been described. Most pa- 
tients had multiple brain abscesses, 
and abscesses were frequently found in 
other organs— most commonly in the 
thyroid gland. Predisposing factors in 
this group included immunosuppres- 
sion associated with a hematologic 
malignancy,'*'^' subacute glomerulo- 
nephritis systemic lupus erythema- 
tosus,' and renal transplantation. 
Four nonimmunosuppressed pa- 
tients developed P boydii brain ab- 
scesses after near drowning and aspi- 
rating fresh water!^'?! or manure? 
Pseudallescheria boydii is a natural 
inhabitant of soil, manure, and pol- 
luted water, and it is probable that as- 
piration followed by pulmonary infec- 
tion leads to subsequent dissemination 
to the brain. Alternatively, it has been 
suggested that the organism may be 
introduced into the CSF by a hairline 
fracture in the skull or paranasal 
sinuses.” One patient developed a 
brain abscess following penetrating 
trauma to the orbit,“ and two patients 
had no predisposing factors ©" 
Cerebrospinal fluid pleocytosis has 
been reported in 10 cases. Eight pa- 
had a predominance of 
neutrophils, 4722272 and four of the 
eight had total neutrophil counts of 
greater than 1000 x 10°/L."2"" The 
CSF glucose level was usually within 
the normal range, while the protein 
level, when reported, was elevated in 
half of the cases. Fungal cultures of 
fluid obtained by lumbar puncture 
were positive in only two cases: in one 
of these, the organism was originally 
introduced during spinal anesthesia‘; 
in the other, six sterile specimens ob- 
tained by lumbar puncture preceded 
the positive sample.” The CSF cultures 


. Were positive in four additional cases 
dns. which 


ventricular fluid was 


e -sampled.9:2 In two of these patients, 
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CSF specimens obtained by lumbar 
puncture had previously proven 
sterile. 

Pseudallescheriasis of the CNS car- 
ries a high mortality (Table). Of the 
four survivors, two were children who 
were treated with antifungal therapy 
and surgery.*'* One patient stabilized 
after antifungal therapy alone but 
died less than 1 year later of an un- 
known illness.'* The fourth patient had 
a spinal abscess that was surgically 
drained.’ 

Our patient developed pneumonia 
and empyema after aspirating water 
from a roadside puddle. In addition to 
multiple bacterial isolates, an uniden- 
tified fungus, thought to be a contam- 
inant, was cultured from his pleural 
fluid. It seems probable that the men- 
ingitis he developed 7 months later 
originated from his pulmonary infec- 
tion. Diabetes mellitus may have ren- 
dered him relatively immunocompro- 
mised and therefore more susceptible 
to opportunistic infection. Although 
he had used intravenous drugs in the 
past, his human immunodeficiency vi- 
rus antibody test was negative. 

Despite six lumbar punctures, a C1- 
2 puncture, and a biopsy of brain and 
meninges, the fungus in our case was 
not detected ante mortem. Cerebrospi- 
nal fluid obtained by cisternal punc- 
ture, performed shortly after death, 
showed septate hyphae on smear and P 
boydii in culture. 

Previous authors have emphasized 
the need for repeated lumbar punc- 
tures with collections of large volumes 
of CSF when a fungal meningitis is 
suspected. Other authors have 
recommended the examination and 
culture of ventricular or cisternal CSF 
in cases where lumbar CSF fails to es- 
tablish a diagnosis.” If regions within 
the subarachnoid space have differing 
organism concentrations, it appears 
reasonable that a single sample of CSF 
from an area of high concentration 
would have the same or greater diag- 
nostie value than repeated collections 
of large volumes of CSF from areas of 
low concentration. 

Our patient experienced a series of 
Strokes confirmed by CT scan and an- 
giography. The area of necrosis found 
at autopsy correlates with the vascu- 
litic involvement of the basilar and 
posterior cerebral arteries. Vascular 
involvement has been associated with 
P boydii brain abscesses,*** and one 
patient was thought to have fungal 
mycotic aneurysms on the basis of ar- 
teriographic evidence, although no au- 
topsy was performed." This phenom- 
enon has been frequently described in 
other fungal meningitides,"? al- 







though, to our knowledge, vaseular i 
volvement has only been described in 
one other patient with P boydi 
meningitis. Infarction appears to re- 
sult from thrombus formation in the - 
vicinity of the inflamed vessel," Direct. 
arterial invasion by mycelial elements 
is typical of visceral infection by As- 
pergillus species and Phycomycetes 
(Mucor, Rhizopus, and Absidia) A 
stroke syndrome in the setting of the 
culture-negative chronic neutrophilie 
meningitis thus suggests a fungal 
cause of the illness. 

Antifungal therapy for P boydii 
meningitis is complicated by the fact 
that most strains are resistant to am- 
photeriein B.5 The current drug of 
choice is miconazole,*^ although ke- 
toconazole has also been recom- 
mended^^ pending appropriate sus- 
ceptibility studies. Miconazole more 
effectively penetrates the blood brain 
barrier and can also be used intrathe- 
eally. 

The frequent use of cytotoxic and 
immunosuppressive agents, as well as 
the growing numbers of patients with 
acquired immunodeficiency syndrome, 
has resulted in a new spectrum of op- 
portunistic infections that were previ- 
ously exceedingly uncommon. We have 
described an unusual presentation of a 
rare CNS infection and have reviewed 
the characteristic clinical course, 
pathologic features, and poor progno- 
sis. We emphasize the importance of 
concerted attempts to culture the in- 
fecting agent in similar cases. This 
should include frequent lumbar punc- 
tures and the judicious use of cisternal 
punctures, as well as brain and 
meningeal biopsy. If such attempts are 
still not fruitful, consideration should 
be given to the use of empiric antifun- 
gal therapy.^ We hope that increased 
awareness and recognition of the clin- 
ieal presentation and the pathogenic 
potential of this fungus will lead to 
earlier detection and more successful 
management of this frequently intrac- 
table disease. 





We wish to acknowledge the technical expertise 
provided by Christine MeNulty. 
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Facial Myokymia in Syringobulbia 


Ghazala Riaz, MD; William W. Campbell, MD; Jeri Carr, MD; Nitya Ghatak, MD 


€ A patient with a 2-year history of pro- 
gressive ataxia and tingling in the right 
hand had prominent facial myokymia. Mag- 
netic resonance imaging revealed syrin- 
gomyelia and syringobulbia. After suc- 
cessful syringosubarachnoid shunting, the 
patient died of massive pulmonary embo- 
lism. Postmortem examination revealed a 


paci! myokymia (FM) is an uncom- 
mon phenomenon most classically 
associated with multiple sclerosis, 
pontine, glioma, and Guillain-Barré 
syndrome.'? Its occurrence in syrin- 
gobulbia is at best obliquely referred 
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syrinx involving the spinal cord and lower 
half of the medulla; neither the facial nu- 
cleus nor facial nerve fibers were directly 
involved. We hypothesize that interruption 
of aberrant corticobulbar fibers in the me- 
dulla produced dysinhibition of a rhythmic 
neural generator in the facial nucleus. 
(Arch Neurol. 1990;47:472-474) 


to in the literature, and heretofore 
without pathologie confirmation.’ A 
patient with type I Arnold-Chiari mal- 
formation and extensive cervical cord 
and lower brain-stem cavitation had 
prominent FM. Neurons in the facial 
nucleus and intramedullary facial 
nerve axons were spared pathologi- 
cally; the syrinx may have involved 
aberrant corticobulbar fibers in the 
medulla. 


REPORT OF A CASE 


A 33-year-old woman developed numb- 
ness of the right hand followed by progres- 
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sive ataxia for 2 years. Extensive evalua- 
tion, including evoked responses, computed 
tomography of the head and spine, metriz- 
amide myelography, cerebral angiography, 
and cerebrospinal fluid analysis including 
oligoclonal banding and immunoelectro- 
phoresis, had showed no abnormalities, 
Findings of general physical examina- 
tion were normal. There was mild right 
ptosis, with normal pupils. The right cor- 
neal reflex was sluggish. Horizontal and 
rotatory nystagmus was present in all di- 
rections of gaze. The gag reflex was absent, 
and there was atrophy of the left side of the 
tongue, with fasciculations. Sensation was 
decreased over all three trigeminal divi- 
sions on the right, as well as over the right 
side of the body. There was no dissociation 
of sensory modalities, even on retrospective 
examination. Perioral sparing of sensation 
could not be demonstrated. Reflexes were 
diffusely hyperactive except for absence of 
the right biceps and brachioradialis jerks. 
Plantar responses were extensor bilater- 
ally. Severe ataxia affected all four extrem- 
ities. There was marked titubation, and the 
patient was unable to stand unsupported. 
An irregular, coarse, repetitive, undulating 
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Fig 1.— Magnetic resonance imaging showing the syrinx involving the 
spinal cord and lower brain stem. The cerebellar tonsils can be seen ly- 


ing below the foramen magnum. 


involuntary movement played constantly 
across the left chin and lower lip. No syn- 
kinetic relationship existed with move- 
ments elsewhere in the face. The move- 
ments were too rapid and regular to have 
been fasciculations, and too restricted and 
undulating to have been hemifacial spasm. 
Results of the following studies were nor- 
mal: computed tomography of the head; 
metrizamide cervical myelography, includ- 
ing delayed computed tomographie views of 
the upper cervical spine; and cerebrospinal 
fluid examination, including oligoclonal 
bands, myelin basic protein, and immuno- 
electrophoresis. Magnetic resonance imag- 
ing revealed a type I Arnold-Chiari malfor- 
mation and an extensive syrinx involving 
thespinal cord and lower brain stem (Fig1). 
Limited needle electromyography of the 
left orbicularis oris was performed. Bursts 
of semirhythmic complex multiplets fired 
involuntarily at a rate of 2 to 5 Hz. The dis- 
charges did not have the monotonous regu- 
larity of bizarre repetitive discharges, and 
were too persistent and complex to have 
been fasciculations. 

Six days after successful syringosub- 
arachnoid shunting, the patient suffered a 
sudden cardiopulmonary arrest and could 
not be resuscitated. 


PATHOLOGIC EXAMINATION 


The brain weighed 1320 g and dis- 
played prominent cerebellar tonsillar 
herniation extending into the spinal 
canal just beyond the C-2 level. The 
spinal cord was involved by extensive 
cavity formation that extended down 
to the midlumbar level. Rostrally, the 
cavitation extended to involve the 
lower half of the medulla. Two slitlike 
cavities were present in the medulla. 
The cavity on the right side involved 
the tegmentum and extended to the 
floor of the fourth ventricle. On the left 
side, it involved the hilum of the infe- 
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rior olivary nucleus. Microscopically, 
the cavity wall was found to be lined by 
arim of dense gliosis of variable thick- 
ness (Fig 2). No cavitation was present 
in the pons. The general autopsy dem- 
onstrated massive bilateral pulmo- 
nary embolism. 


COMMENT 


The pathophysiology underlying FM 
is unknown. Presumably, the periph- 
eral variety associated with Guillain- 
Barré syndrome and Bell's palsy is re- 
lated to direct involvement of the 
facial nerve, with segmental demyeli- 
nation permitting crosstalk and ec- 
topic impulse generation.?^/ There are 
very few detailed pathologic studies in 
patients with FM due to central le- 
sions. Sethi et al* described a patient 
with bronchogenic carcinoma meta- 
static to the pons rostral to the facial 
nucleus, without any direct involve- 
ment of the facial nucleus or intramed- 
ullary facial nerve fibers. They postu- 
lated that interruption of corticobul- 
bar fibers produced increased 
excitability of facial motoneurons 
without direct neoplastic involvement 
of facial nucleus or facial nerve fibers. 
Radu et al* performed autopsies on 
four patients with FM and brain-stem 
tumors but did not provide enough de- 
tails for the ascertainment of precise 
patterns of involvement. 

Available clinicopathologic correla- 
tions suggest that most instances of 
FM do not result from abnormalities of 
the facial nerve or nucleus proper but 
rather from dysfunction of facial mo- 
toneurons through some indirect 
mechanism.'?** Damage to regulatory 
interneurons, isolation of facial motor 


Fig 2.—A section of medulla showing the slitlike syrinx (arrows) (Luxol 
fast blue-periodic acid-Schiff, X2.5). R indicates right; L, left. 


neurons by interruption of descending 
supranuclear inhibitory fibers releas- 
ing a spontaneous rhythmic generator, 
and denervation supersensitivity of 
the facial nucleus have all been etio- 
logically invoked but not proved.?*!! In 
the present case, cavitation did not ex- 
tend above the pontomedullary junc- 
tion. No abnormalities in the neigh- 
borhood of the facial nucleus or facial 
nerve fibers were apparent. Lesions 
involving olivary connections are also 
known to cause abnormal involuntary 
movements (palatal myoclonus and its 
variants), perhaps reflecting the activ- 
ity of some uninhibited cyclic genera- 
tor. 

Dejerine's aberrant pyramidal tract 
(APT) consists of corticobulbar fibers 
coursing parallel and dorsal to the 
main pyramidal pathways." Fibers 
in the APT may descend to medullary 
levels, even as far as the pyramidal 
decussation, then turn rostralward as 
recurrent fibers. Some corticobulbar 
axons destined for the facial nucleus 
come from APT fibers that arise infe- 
riorly, then course dorsal and rostral 
from the main pyramidal tract." De- 
struction of these caudally looping cor- 
ticobulbar fibers as they return 
through the rostral medulla toward 
the facial nucleus has been postulated 
as the explanation for the not uncom- 
mon ipsilateral facial paresis in the 
lateral medullary syndrome.'*"5 

The APT runs in close proximity to 
the medial lemniscus, its fibers inter- 
mingled with ascending lemniscal ax- 
ons. The syrinx in the present case cuts 
across the region of the hilum of the 
inferior olive where medial lemniscal 
and APT fibers course. If our hypo- 
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thesis is correct, this is likely where 
disruption of corticobulbar fibers 
bound for the facial nucleus occurred. 
A lesion in this location would also 
conveniently explain why there was 
right hemisensory loss instead of the 
suspended, dissociated, or balaclava 
pattern classically associated with 
central cavitation. 

We postulate that partial isolation 
of facial motoneurons from descending 
supranuclear influences due to syrin- 
gobulbia involving the APT in the me- 
dulla led to FM in our patient. 
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Diagnosis of Delayed Cerebral Radiation Necrosis 
Following Proton Beam Therapy 


Mitchell Kaufman, MD; Barbara E. Swartz, MD, PhD; Mark Mandelkern, MD, PhD; James Ropchan, PhD; 


Manyee Gee, PhD; William H. Blahd, MD 


€ A 27-year-old man developed delayed 
cerebral radiation necrosis following pro- 
ton beam therapy to an arteriovenous 
malformation. Neuroimaging with techne- 
tium 99m diethylenetriamine penta-acetic 
acid and positron emission tomographic 
scanning with fludeoxyglucose F 18 aided 
in his evaluation. Significant improvement 
of his neurologic deficits resulted from 
corticosteroid therapy. Clinical resolution 
was corroborated by serial computed to- 
mographic scans demonstrating regres- 
sion of the abnormality (a mass lesion). 
Various facets of radiation injury are dis- 
cussed, including pathogenesis, risk fac- 
tors, diagnosis, and therapy. 

(Arch Neurol. 1990;47:474-476) 


Proton beam therapy for the treat- 
ment of arteriovenous malforma- 
tions has been utilized in those in- 
stances in which conventional therapy 
(ie, craniotomy or embolism) would ei- 
ther be ineffective or too risky. It is 
usually reserved for vascular lesions of 
large area or for smaller lesions situ- 
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ated in an “eloquent” region (eg, motor 
strip) of the brain. Kjellberg et al' re- 
ported no deaths, hemorrhage, or in- 
fection related to the procedure. Side 
effects included seizures in already ep- 
ileptic patients and a transient pyrex- 
ia. 

We report a case of radiation necro- 
sis in a patient treated with proton 
beam therapy. 


REPORT OF A CASE 


A 27-year-old left-handed man was in his 
usual state of health until the evening of 
June 26, 1983, when he developed the sudden 
onset of dysphasia, characterized by stut- 
tering with word-finding pauses, mispro- 
nunciation, and word substitution. Lan- 
guage comprehension was normal. Four 
days after the onset of speech difficulties, 
transient paresthesias of the right upper 
and lower extremities began. The latter 
symptom continued over the next 72 hours. 
The patient was admitted for a neurologic 
evaluation. 

His examination revealed fluent speech 
with word-finding pauses, occasional pho- 
nemic paraphasias, and anomia for low- 
frequency words. Other cognitive functions 
were normal. Cranial nerve testing re- 
vealed a small right superior quadrantano- 
psia, as well as a mild flattening of the right 
nasolabial fold. Deep tendon reflexes were 
brisker on the right, but plantar responses 
were flexor. Motor function, sensory func- 
tion (including higher cortical modalities), 
and coordination were within normal lim- 
its. 

Computed tomography (CT) of the pa- 
tient’s head on the day of admission dem- 
onstrated a ring-enhancing parietotempo- 
ral mass lesion. Evidence of hemorrhage 
was present on the unenhanced study. Ce- 


rebral angiography revealed an arterio- 
venous malformation arising from the an- 
gular branch of the left middle cerebral ar- 
tery and situated in the parietotemporal 
opercular region. A second head CT scan 1 
week later showed some decrease in mass 
effect. Surgery was not recommended due to 
the size and close proximity of the lesion to 
language areas. The patient showed grad- 
ual improvement in language deficit and 
was discharged 1 month later with only 
rare word-finding pauses. 

He soon developed simple partial and 
secondary generalized seizures, which re- 
sponded to treatment with phenytoin so- 
dium. Although the CT scan remained un- 
changed, by July 1984 the patient had a se- 
vere intermittent throbbing left-sided 
headache and paresis of the right leg. 

He was referred for stereotactic proton 
beam irradiation in Boston, Mass, where he 
underwent proton beam therapy on Janu- 
ary 8, 1985. A total of 15 Gy was delivered 
to the arteriovenous malformation through 
two portals, each having three laminated 
divisions, via a 25-mm beam. The procedure 
was tolerated well and the patient was sent 
home the next day. After this therapy, the 
patient had some episodic paresthesias in- 
volving the right hand, as well as hiccups, 
but during carbamazepine monotherapy he 
regained normal strength and had nearly 
complete language recovery. 

On December 2, 1985, he again required 
hospitalization for intermittent dysphasia 
and episodic distal right-sided paresthesias 
of increasing frequency. Neurologic exami- 
nation on admission demonstrated a non- 
fluent dysphasia, poor repetition, and im- 
paired attention span, comprehension, re- 
cent memory, reading, and calculation. 
Cranial nerves, motor and sensory systems, 
coordination, and gait were normal. Admis- 
sion head CT revealed a deep contrast-en- 
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hancing lesion in the left parietal lobe sur- 
rounded by moderate edema. No mass ef- 
fect or hemorrhage was present. Lumbar 
puncture yielded xanthochromic fluid with 
52 red blood cells and 58 white blood cells. 
The cerebrospinal fluid glucose level was 
normal (3.1 mmol/L), but the protein level 
was elevated (0.9 g/L). The spinal fluid IgG 
and albumin levels were both markedly el- 
evated (0.33 g/L and 0.63 g/L, respectively), 
and IgG synthesis was elevated. 

The presumptive diagnosis was small 
hemorrhagic infarction secondary to possi- 
ble radiation necrosis. The patient was 
treated with intravenous dexamethasone 
sodium phosphate, but despite this therapy 
the patient showed no improvement, and 2 
weeks after admission he was lethargic and 
oriented only to name, with worsened dys- 
phasia. He complained of headache and had 
one episode of emesis. Head CT without 
contrast revealed a very large area of 
edema in the left parietal lobe with signif- 
icant shift of the ventricular system across 
the midline. The patient was treated with 
hyperventilation and intravenous mannitol 
and dexamethasone. After extubation, the 
patient's mentation and dysphasia gradu- 
ally improved during steroid therapy. Two 
head CT studies obtained over the following 
week demonstrated some resolution in shift 
of midline structures. Contrast infusion 
still showed an irregularly enhancing lesion 
deep in the white matter of the left parietal 
lobe. The patient was believed to have radi- 
ation necrosis with possible deep residual 
arteriovenous malformation. He improved 
and was discharged with a mild nonfluent 
dysphasia on a regimen of carbamazepine 
and dexamethasone (tapered dosage). 

While still taking dexamethasone, the 
patient again relapsed, with worsening lan- 
guage, throbbing left parietal headache, 
and emesis. On admission, he was lethargic 
and spoke with a slowed nonfluent dyspha- 
sia with anomia. In addition, papilledema, 
lateral rectus palsy, right hemiparesis, 
right-sided hyperreflexia, a right extensor 
plantar response, and an unsteady, wide- 
based gait were noted. 

Head CT showed a more defined area of 
lucency with ring enhancement within a 
large region of parietal edema. Differential 
diagnosis of the CT lesion included radia- 
tion necrosis, glioblastoma, and brain ab- 
scess. The dosage of dexamethasone sodium 
phosphate was increased to 16 mg/d; 1000 
mg of phenytoin sodium was administered 
intravenously after a generalized seizure; 
and broad-spectrum antibioties were given 
for possible cerebral abscess. Because the 
right hemiparesis and hemisensory loss 
worsened, the dosage of dexamethasone so- 
dium phosphate was increased to 40 mg/d 
and oral glycerin therapy (80 mg/d) was 
started. 

Cerebral angiography revealed a small 
residual arteriovenous malformation in the 
deep left parietallobe, with associated mod- 
erate mass effect. A technetium 99m dieth- 
ylenetriamine penta-acidic acid brain scan 
revealed focal increased uptake in the left 
posteroparietal region. 

As the issue of glioblastoma vs radiation 
necrosis remained unresolved, positron 
emission tomography with fludeoxyglucose 
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Fig 1.—Positron emission tomographic scan with fludeoxyglucose F 18 at the time of maximum 
symptoms. Widespread cortical and subcortical h 
occipital regions is obvious. 





Fig 2.—Computed tomographic scan followin 
deep parietal lucency. 


F 18 was performed. Results demonstrated 
a large area of hypometabolism involving 
the left parietotemporo-occipital region 
thought to be consistent with radiation ne- 
crosis (Fig 1). 

Over the next 3 weeks the patient gradu- 
ally improved and was discharged home 
with some nonfluent dysphasia, mild right 
hemiparesis, and right-hand hypalgesia. 
Discharge medications included dexa- 


ypometabolism of the left temporoparietal and 





g final resolution of symptoms shows only a small 


methasone (tapered dosage), phenytoin so- 
dium (250 mg at bedtime), and carbam- 
azepine (1200 mg/d). He continued to im- 
prove clinically, and a follow-up CT scan 
also showed improvement (Fig 2. At a 
l-year follow-up he was no longer taking 
steroids and was seizure free on carba- 
mazepine monotherapy, with only mild re- 
sidual anomia for low-frequency items. He 
has refused further testing. 
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COMMENT 


.. Radiation injury to the brain has 
been divided into three groups accord- 
ing to the time of appearance. Acute 


|— reactions occur during a course of ra- 


diotherapy, are generally of minimal 
symptomatic consequence, and have 
been attributed to local effects of 
edema. Subacute reactions appear be- 
tween a few weeks to several months 
after irradiation. Symptoms are be- 
lieved to be secondary to a transient 
demyelination.^* 

Our patient is believed to have suf- 
fered from delayed effects of irradia- 
tion to the central nervous system. 
This sequela is the major hazard of 
therapeutie doses of radiation. Its on- 
set varies from several months to sev- 
eral years after exposure, with symp- 
toms dependent on the area and vol- 
ume of brain irradiated. The lesions 
are thought to result from endothelial 
injury leading to thickening of vessel 
walls with resultant ischemia and 
necrosis. We could find no previous 
report of this complication following 
proton beam therapy. 

Factors that may promote delayed 
radiation damage include radiation 
dosage to the affected area,’ edema- 
tous brain surrounding tumor," and 
the prior use of chemotherapeutic 
agents.* Clinically, the cerebral ne- 
crosis usually manifests itself as a 
space-occupying lesion resulting in 
confusion with a cerebral tumor or 
with inflammatory disease. 

Neurodiagnostic studies for radia- 
tion necrosis have included the radio- 
nuclide brain sean and cerebral an- 
giography. The former study demon- 
strates increased uptake of tracer in 
the affected area, while the latter 
study generally reveals an avascular 
mass.*!! Computed tomographic stud- 
ies vary from diffuse areas of low den- 
sity without mass effect to that of a lo- 
calized low-density mass with irregu- 
lar central or peripheral contrast 
enhancement.*^? More recently, mag- 
netic resonance imaging of cerebral 
radiation injury using T,-weighted 
spin-echo images shows high-signal 
foci in the periventricular white mat- 
ter with scalloping at the junction of 
the gray-white matter. 

Positron emission tomography has 
been used to differentiate between 
radiation necrosis and tumor re- 
currence. There has been some dis- 
agreement as to whether positron 
emission tomographie scanning with 
fludeoxyglucose F 18 can differentiate 
high-grade from low-grade gliomas on 
the basis of fludeoxyglucose uptake.”” 
However, it seems that by comparing 
glucose utilization in the pathologic 
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region with utilization in the adjacent 
tissue, a diagnosis of recurrent tumor 
(increased glucose accumulation) or 
necrosis (decreased accumulation) can 
be made.2** Our observation is in 
agreement with the finding that de- 
pressed glucose metabolism can oceur 
in the setting of radiation necrosis. 

Radiation necrosis may produce 
symptomatic deficits remote from the 
original lesion, which may be due to 
widespread changes in the vascular 
endothelium?? in the field of the beam. 
Stereotactic proton beam therapy is 
highly focused. Nevertheless, our pa- 
tient developed more widespread and 
more profound deficits after treatment 
than he had prior to treatment. 
Positron emission tomography with 
fludeoxyglucose F 18 revealed hypome- 
tabolism of large cortical areas as well 
as subcortical structures, including 
the thalamus. Thus, transynaptic dys- 
funetion may explain the increased 
extent of our patient's deficits. 

Therapy for delayed radiation in- 
jury used to involve craniotomy with 
excision of necrotic tissue." How- 
ever, conservative treatment with cor- 
ticosteroid or corticotrophic therapy 
has resulted in a favorable outcome. "° 

We conclude that (1) the potential 
benefit of proton beam therapy does 
exist for selective cases of vascular 
malformations that are not treatable 
by more conventional methods, (2) the 
risk of cerebral radiation injury from 
proton beam therapy may be low but 
does exist, (3) positron emission to- 
mography with fludeoxyglucose F 18 
may be of help in the diagnosis of ra- 
diation necrosis, and (4) conservative 
treatment of radiation injury with ste- 
roids can help ameliorate associated 
clinical sequelae. 
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A Patient With Progressive Myelopathy and Antibodies | 
to Human T-Cell Leukemia Virus Type I and Human 
Immunodeficiency Virus Type 1 in Serum 


and Cerebrospinal Fluid 


David M. Aboulafia, MD; Ernestina H. Saxton, MD, PhD; Hironobu Koga, MD; Amadou Diagne, MD, PhD; Joseph D. Rosenblatt, MD 


* A 52-year-old human immunodefi- 
ciency virus type 1-seropositive bisexual 
black man was evaluated at UCLA because 
of the recent onset of progressive lower- 
extremity weakness. Initial neurologic ex- 
amination showed that the patient's distal 
weakness was greater than his proximal 
weakness, with bilateral foot drop and 
electrophysiologic evidence of denerva- 
tion in the distal lower extremities. Mag- 
netic resonance imaging of the brain and 
Spinal cord disclosed no abnormalities. 
Subsequent neurologic evaluation 8 
months later showed a myelopathy, with 
progression of lower-extremity weakness, 
spasticity, and flexor spasms, and urinary 
incontinence, as well as the peripheral 
neuropathy noted previously. A second 
magnetic resonance imaging scan of the 
brain showed patchy foci of increased 
signal intensity in white matter and cortex, 
with mild generalized cerebral and cere- 
bellar atrophy and no lesions in the spinal 
cord. Specimens of the patient’s serum 


Human T-cell leukemia virus type I 

(HTLV-I) has been etiologically 
implicated in a variety of T-cell malig- 
nancies in man. In recent years, a 
serologic link has been established be- 
tween HTLV-I and a neurologic disor- 
der known alternatively as tropical 
spastic paraparesis or HTLV-I-asso- 
ciated myelopathy (HAM ). Features of 
this disease include spastic parapare- 
sis of the extremities, urinary and fe- 
cal incontinence, and mild peripheral 
sensory loss.'? The disease character- 
istically follows a slowly progressive 
course. 

Ithas been observed that coinfection 
with the human immunodeficiency vi- 
rus type 1 (HIV-1) may alter the nat- 
ural history of infection with multiple 
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and cerebrospinal fluid contained antibod- 
ies to human immunodeficiency virus type 
1. Additionally, specimens of his serum 
and cerebrospinal fluid were tested for 
antibody to human T-cell leukemia virus 
type I by Western blotting and radioimmu- 
noprecipitation, and found to be positive 
for human T-cell leukemia virus typel gag, 
env, and tax antibodies. The primary 
cause of severe myelopathy in this patient 
may be infection with human T-cell leuke- 
mia virus type | rather than with human im- 
munodeficiency virus type 1. Treatment 
with prednisolone resulted in improve- 
ment of the lower-extremity weakness, 
reduction in flexor spasms, and slower but 
significant improvement in urinary symp- 
toms. Patients who are infected with hu- 
man immunodeficiency virus type 1 and 
have unusual motor findings should be 
tested for concomitant human T-cell leu- 
kemia virus type | infection. 
(Arch Neurol. 1990;47:477-479) 


pathogens, including parasites, myco- 
bacteria, syphilis, and viruses such as 
herpes simplex, adenovirus, and cy- 
tomegalovirus. In addition, there is in 
vitro data to suggest that HTLV-I can 
facilitate the expression of HIV-1.4 
Both HTLV-I and HTLV-II may be 
spreading in some of the same popula- 
tions at risk for HIV-1, including in- 
travenous drug users, homosexuals, 
and prostitutes." A growing number 
of patients with concomitant HTLV-I 
and HIV-1 infection have been identi- 
fied. We describe a severe neurologic 
presentation of myelopathy in a pa- 
tient infected with both HTLV-I and 
HIV-1. 


REPORT OF A CASE 


A 52-year-old bisexual black man pre- 
sented to UCLA in January 1988 for evalu- 
ation of progressive bilateral lower- 
éxtremity weakness. His symptoms began 
in late summer 1987, when he noted diffi- 
culty with his gait, described mainly as 
stumbling over his feet. He was evaluated 
by an outside neurologist in September 
1987, and was said to have foot drop with 
grade 3/5 strength of foot dorsiflexion and 
intact deep tendon reflexes. Findings of 
magnetic resonance imaging (MRI) of the 
patient's brain and spinal cord were nor- 
mal. A specimen of cerebrospinal fluid 





(CSF) showed three white cells, a glucose 
level of 2.1 mmol/L, and a total protein level 
of 0.79 g/L. Findings of bacterial and fun- 
gal studies of the CSF and the CSF VDRL 
test were negative. A sample of the pa- 
tient's serum was positive for antibodies to 
HIV-1 by both enzyme-linked immunosor- 
bent assay and Western blot analysis. Fol- 
lowing 2 weeks of culture of the patient's 
lymphocytes with normal donor lympho- 
cytes, high levels of HIV-1 p24 antigen 
(Abbott Laboratories, North Chicago, Ill) 
were detected in vitro. 

In January 1988, the patient was admit- 
ted to UCLA with fever, pneumonia, altered 
mental status, urinary incontinence, and 
complaint of progression of his weakness. 
On neurologic testing, he was oriented to 
person and place, but not to date. He had 
slow, slurred speech, but no language dys- 


Fig 1.—Radioimmunoprecipitation assay for 
human immunodeficiency virus type 1 (HIV- 1) 
Seroreactivity with —?5S-methionine-labeled 
HIV-1-infected H9-cell lysate: lane 1, negative 
control (normal human serum); lane 2, positive 
control (serum from patient with acquired im- 
munodeficiency syndrome); lane 3, our pa- 
tient’s serum; and lane 4, our patient's cere- 
brospinal fluid. MW indicates molecular weight. 


-« Gp160 
~< Gp120 


-4 p24 gag 





Progressive Myelopathy— Aboulafia et al 477 





function. There was difficulty with atten- 
-tion and short-term memory; he was unable 
_to perform serial sevens, and he did not re- 
` call any of three objects after 5 minutes. 
— Motor examination showed bilateral lower- 
extremity weakness, distal greater than 
proximal, with bilateral grade 1/4 weak- 
ness of foot dorsiflexion, grade 3/4 to 4/5 
strength of hip flexion, and 4-4+/5 knee 
flexion. Sensation to pinprick was de- 
creased in a stocking distribution below the 
midtibia, and there was decreased vibra- 
tion and position sense in the feet. Deep 
tendon reflexes were normal in the upper 
extremities, brisk, 3/4, at the knees, and 
absent in the ankles. Plantar responses 
were flexor, and there was no jaw jerk. 

The peripheral white blood cell count was 
12 X 10°/L, with no atypical cells charac- 
teristic of adult T-cell leukemia/lympho- 
ma. The hematocrit was 0.32, with normal 
red blood cell indexes, and findings of serum 
iron studies were consistent with anemia of 
chronic disease. A T-cell subset evaluation 
revealed a total CD4* helper-cell number of 
189/mm and a CD8* suppressor-cell num- 
ber of 578/mmv, with an inverted CD4/CD8 
ratio of 0.33. 

Arterial blood gas analysis on room air 
showed the following values: pH, 7.36; Pco,, 
26 mm Hg; Po,, 74 mm Hg, with bicarbon- 
ate, 14.5 mmol/L; and oxygen saturation, 
94.7%. Results of laboratory tests were as 
follows: 136 mmol/L; potassium, 3.3 mmol/ 
L; chloride, 112 mmol/L; carbon dioxide 
content, 18 mmol/L; glucose, 4.0 mmol/L; 
folate, 7 nmol/L (normal, 4 to 32 nmol/L); 
vitamin B., 1233 pmol/L (normal, 118 to 686 


pmol/L); total thyroxine, 62 nmol/L (nor- 


mal, 64 to 142 nmol/L); free thyroxine 
index, 76 pmol/L (normal, 64 to 142 pmol/ 
L); and thyrotropin, 3.3 mU/L (normal, 0.4 
to 4.4 mU/L). A second lumbar puncture 
disclosed that the CSF contained five white 
blood cells and one red blood cell per high- 
power field, with a glucose level of 2.2 
mmol/L and a protein level of 0.78 g/L. 

A chest roentgenogram revealed a dense 
infiltrate of the right middle and lower 
lobes, with right pleural effusion. Bronchos- 
copy with alveolar lavage and transtra- 
cheal biopsy showed necrotizing pneumonia 
with negative cultures and stains. 

Nerve conduction velocity studies indi- 
cated absent motor distal latency of the left 
posterior tibial and left common peroneal 
nerves and absent sensory distal latency of 
the left sural nerve. Left median motor and 
sensory distal latencies and conduction ve- 
locities were within normal limits. Electro- 
myography showed florid denervation with 
3+ positive sharp waves and fibrillation 
potentials in the distal muscles of the left 
lower extremity, with normal findings in 
the left upper extremity. Despite numerous 
negative cultures, the patient’s fever, chest 
roentgenogram, and mental status im- 
proved while he was receiving empiric an- 
tibiotics. 

In September 1988, the patient presented 
to the outpatient neurology clinic at UCLA 
with increased leg weakness, flexor spasms, 
and urinary and fecal incontinence. On 
general physical examination, the vital 
signs were within normal limits. He had 
severe pedal edema. On neurologic exami- 


» 


od roit 





nation, he was oriented in all spheres, with 
normal spontaneous speech and no evidence 
of language dysfunction. He could repeat 
four digits forward and backward. He re- 
called three of three objects with one cue. 
Cranial nerves were normal. There was 
mildly inereased tone in the upper extrem- 
ities, with normal strength. There was 
markedly inereased tone in the lower ex- 
tremities, with scissoring when the patient 
was made to stand with assistance. Motor 
testing showed grade 3/5 strength of hip 
flexion, 4/5 knee flexion, 5/5 extension, and 
2/5 foot dorsiflexion. Sensation to pinprick 
was mildly decreased at feet to midcalf, and 
vibration was moderately decreased at feet 
and ankles, but present in knees. Deep ten- 
don flexes were mildly increased in the up- 
per extremities, with clonus at the knees 
and clonus with forced dorsiflexion of both 
feet. There were bilateral Babinski's signs 
with withdrawal. There were flexor spasms 
of the lower extremities. There was no jaw 
jerk. An MRI of the brain showed patchy 
foci of increased signal intensity in the 
white matter and cortex, with mildly gen- 
eralized cerebral and cerebellar atrophy. 
An MRI of the spinal cord showed the tho- 
racic cord diameter to be at the lower lim- 
its of normal, but not frankly atrophic, and 
with no lesions. There were mild degenera- 
tive changes at the L5-S1 level. 
Prednisolone was prescribed in increas- 
ing dosages (up to 40 mg/d). The patient has 
had markedly improved lower-extremity 
strength over a 5-month period, progress- 
ing from being wheelchair bound to walk- 
ing with a cane. Flexor spasms have ceased, 


Fig 2.—Left, Radioimmunoprecipitation with human T-cell leukemia vi- 
rus type | (HTLV-I) (SLB-I)- infected cell lysates labeled with 36S-methio- 
nine: lane 1, HTLV-I-positive control (serum from Japanese patient with 
adult T-cell leukemia); lanes 2 through 7, negative controls (lane 4 is 
from an American patient with mycosis fungoides, and shows indetermi- 
nate reactivity); and lane 8, our patient's serum. MW indicates molec- 
ular weight. Center, Western blot for HTLV-I seroreactivity: lane 1, pos- 
itive control (HTLV-I-associated myelopathy); lane 2, positive control (as 
inlane 1) diluted 1:4000; lane 3, negative control (normal human serum); 
lane 4, positive control (from a Japanese adult with T-cell leukemia / 
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lymphoma); lane 5, positive control (as in lane 4) diluted 1:200; lanes 
6 and 7, negative controls, (lane 6 is from a patient infected with human 
immunodeficiency virus type 1 [HIV-1]); and lane 8, our patient's (HIV- 
1/HTLV-I-coinfected) serum. Right, Western blot of our patient's cere- 
brospinal fluid for antibody to HTLV-I: lane 1, positive control (serum from 
Japanese patient with adult T-cell leukemia); lane 2, positive control (di- 
luted 1:4000); lane 3, negative control (normal human serum); lanes 4 
through 6, serum from three different HIV- 1-positive controls; lane 7, our 
patient's cerebrospinal fluid (reactivity with HTLV-I p24 is noted, as is 
faint reactivity with Gp46 env and p19 gag antigens). 
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though spastieity remains. Bladder con- 
| has lagged behind motor improvement, 
hough the patient notes decreased uri- 
ary frequency and stress incontinence. 


SEROLOGIC ASSAYS 


Radioimmunoprecipitation (RIP) with 
| HIV-1-infected H9-cell lysate, HTLV-I-in- 
fected SLB-I-cell lysate, and/or HTLV-II- 
infected Mo- T-cell lysate was performed as 
reviously described, using specimens of 
patient's serum or CSF.*? Western blot 
say was performed to HTLV-I virion ly- 
te (Abbott Laboratories, North Chicago, 
TI; The HTLV-I virions were purified, and 
the virion lysate was prepared, electro- 
phoresed, and transferred onto nitrocellu- 
ose paper. The nitrocellulose blots were 
washed, incubated with serum or CSF di- 
luted 1/20 overnight, rinsed, and reacted 
with biotin-labeled goat anti-human IgG 
* for.2 hours. Following this, blots were 
rinsed, bound with peroxidase-labeled 
reptavidin, and allowed to react with 
bstrate, as described.'? 


SEROLOGIC ANALYSIS OF PATIENT 
SERUM AND CSF 


‘Specimens. of the patient's serum and 
CSF were tested by RIP assay for reactiv- 
ity with HTLV-I and HIV-1 antigens, using 
infected cell lysates. The serum and CSF 
ntained antibody to HIV-1 antigens by 
RIP (Fig 1) and commercial Western blot. 
addition to seropositivity for HIV-1, the 
> serum contained antibody to HTLV-I, as 
determined by Western blot and confirmed 
«by. RIP. As seen in Fig 2, RIP with HTLV- 

"infected cell lysates shows that the serum 
eaeted strongly with HTLV-I Gp61 env, 
p40 tax, p24 gag, and p19 gag-related anti- 
gens, respectively. Furthermore, antibody 
to HTLV-I was also noted in the CSF by 
both RIP and Western blot analysis (Fig 2), 
particularly to p24 gag antigen. Competi- 
“tion RIP using a nonradioactive HTLV-II- 
| infected cell lysate did not diminish the 

signal, suggesting that serologic reactivity 
was directed against HTLV-I rather than 
-HTLV-I (data not shown). 


COMMENT 


The retroviral myelopathies, tropi- 
al spastic paraparesis, and HTLV- 
-associated myelopathy have been ex- 
ensively described in all HTLV-I-en- 
demic regions of the tropics and Japan. 
Typical manifestations of HAM in- 
clude spastic paraparesis, hyperreflex- 
da, and pyramidal tract dysfunction. 
Late neurologic abnormalities include 
bladder and rectal incontinence, corti- 
al impairment, and, less prominently, 
sensory neuropathy." 

A. variety of neurologic disorders 
ave been associated with HIV-1, in- 
luding subacute encephalopathy, pe- 
pheral neuropathies, vacuolar my- 
elopathy, and aseptic meningitis (for 
review, see reference 12). 

| We present serologic evidence indi- 
ating that this patient with severe 
iotor miyelopathy appears to have 
oen coinfected by HTLV-I and HIV-1. 
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The clinical features of the above dis- 
orders may overlap, and it is impossi- 
ble to ascribe our patient's symptom 
complex to one virus at the exclusion of 
the other. Nonetheless, it is elear that 
the patient had prominent upper mo- 
tor neuron symptoms and signs of re- 
cent onset, coupled with serologic evi- 
dence of HIV-1 infection. Also of in- 
terest is that he experienced an 
unusually rapid progression of this 
motor dysfunction over a 6-month pe- 
riod. The development of high-signal 
intensity lesions detected on MRI over 
the course of our patient's disease 
has been described in patients with 
HAM." Whether our patient's my- 
elopathy pursued a more acute course 
due to secondary HIV-1 infection is 
unclear. Alternatively, the patient's 
HIV-1 infection may have been ad- 
versely affected by the presence of 
HTLV-I. Both HTLV-I- and HTLV- 
II-infected cells are highly permissive 
for HIV-1 infection. The trans- 
acting transcriptional regulatory pro- 
tein of HTLV-I has, in some experi- 
mental systems, been reported to stim- 
ulate expression from the HIV-1 long- 
terminal repeat? In addition, the 
mitogenic effects of HTLV-I virions on 
T cells have been observed to increase 
HIV-1 production in vitro, and may 
well enhance HIV-1 replication in vivo, 
thus potentially affecting the clinical 
course of coinfected individuals. 

Serologic surveys in the United 
States, Italy, Brazil, and elsewhere 
have now demonstrated a rising inci- 
dence of HTLV-I and/or HTLV-II in- 
fection. The populations at risk for 
HTLV-I/HTLV-II and HIV-1 coinfec- 
tion continue to be defined, but most 
prominently involve intravenous drug 
users, prostitutes, and, less commonly, 
homosexuals.**"® Therefore, syn- 
dromes related to HTLV-I are likely to 
occur more frequently in these popu- 
lations. 

Although a variety of neurologic 
manifestations of HIV-1 infection 
have been described, HIV-1-seroposi- 
tive patients with pronounced motor 
and pyramidal tract findings reminis- 
cent of HAM deserve to be investigated 
for concomitant HTLV-I infection, as 
was seen in this case. The fact that our 
patient responded well to prednisolone 
therapy despite concomitant HIV-1 in- 
fection is consistent with the observa- 
tions of Osame et al" and with the 
findings in another case involving a 
patient with HAM who improved with 
prednisolone (Delta-Cortef) treatment 
(40 mg/d)." Additional eases will need 
to be analyzed to determine whether 
HIV-1 coinfection can significantly al- 
ter the progression of HTLV-I-associ- 
ated myelopathy. 
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then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 












Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 












Send all copy, correspondence, production 
materials and payments to: 


archives ol 
Neurology 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 

































































Classified Advertising m 


All classified advertising orders, correspondence and payments should be directed to: Archives of Neurology, P.O. Box 1510, Clearwater, | 
Florida 34617. Our telephone numbers are: National 800-237-9851; in Florida 800-553-8288; Local 813-443-7666. Please do not send 
classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about "BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: < 
c/o AON, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their " 
mail sent in care of Archives of Neurology 


Professional Opportunities 


NEUROLOGIST, BC/BE — Excellent opportunity 
to join a busy, four-physician section in a large 
multi-specialty group practice. Located in desirable 
Bluegrass region of Kentucky. Competitive salary 
and benefits. Send letter and CV to: Ms. Martha 
Riddell, Lexington Clinic, 1221 South Broadway, 
Lexington, KY 40504. 


EXPANDING DYNAMIC neurology practice — 
BC/BE neurologist to join a busy, rapidly growing 
group neurology practice in Virginia suburbs of 
Washington, DC. Excellent opportunity for a com- 
passionate, personable, hard working person to join 
our comprehensive neurodiagnostic team. Subspe- 
cialty training, especially EEG, evoked potentials, 
EMG, or sleep disorders preferred. Teaching and 
faculty appointments available. Send CV to: D. 
Hope, Neurology Center of Fairfax, Ltd., 3020 
Hamaker Court, Fairfax, VA 22031. 


ILLINOIS 


A board-certified/board-eligible neurologist 
needed to join an eight member Neuroscience 
Division in a 200* private, multi-specialty group 
associated with the University of Illinois Col- 
lege of Medicine; clinic and adjacent 288-bed 
hospital. Offer full neurologic-radiologic sup- 
port including CT and MR scans; subspecialty 
interest welcomed. Liberal fringe benefits and 
early partnership; malpractice coverage pro- 
vided. Write including CV, to: 
Robert C. Parker, Jr., MD 
Assistant to the Chief Executive Officer 


CARLE CLINIC ASSOCIATION 
Urbana, IL 61801 2 


NEUROLOGIST: Excellent opportunity for a board- 
certified/board-eligible neurologist to join two exist- 
ing neurologists in a stimulating, busy private prac- 
tice. Marquette General Hospital is a 306-bed 
regional referral center, with a comprehensive neu- 
rophysiology department and state-of-the-art tech- 
nology that includes magnetic resonance imaging 
and CT scanning, and a hospital-based family prac- 
tice residency. Medical students from Michigan 
State University's College of Human Medicine are 
regularly assigned to the hospital and offer an op- 
portunity for teaching. Marquette General Hospital 
and its medical staff are committed to building a 
center of excellence in the neurosciences and have 
the necessary financial resources. The development 
of these services will require the leadership and 
cooperation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. If this special opportunity is of inter- 
est to you, please forward your curriculum vitae to: 
Daniel Mazzuchi, MD, Director of Physician Serv- 
ices, Marquette General Hospital, Suite 122, Wallace 
Building, 420 West Magnetic Street, Marquette, MI 
49855. 


NEUROLOGIST — Midwest Great Lakes communi- 
ty near Chicago. Position for a clinical neurologist, 
preferably with subspecialty training in either stroke, 
dementia or EEG to join another neurologist in an 
established private practice. Excellent growth 
potential. Early partnership. Outstanding opportu- 
nity. Box #804, c/o AON. 




















ORLANDO AREA: Board-certified neurologist for 
office practice and comprehensive examinations 
only. No hospital, ER or surgery. No night or week- 
end work. Please send CV and date of availability to: 
P.O. Box 1003, Goldenrod, FL 32733-1003. 


a iani Voss ca a ee ee 
PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 
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Professional Opportunities 


SOUTHEAST UNITED STATES — Excellent oppor- 
tunities for board-certified or board-eligible neurol- 
ogist for solo and group practices. Send CV to: CPR 
Associates, P.O. Box 235005, Montgomery, AL | 
36123-5005. 


CHARLOTTE, NORTH CAROLINA — High quality 
group of five neurologists, all of whom are subspe- 
cialized, seeks to add a highly capable, well-trained 
individual who likes people and has a special area of 
neurologic interest. Contact: Mike Kaufman, MD, 
126 Cottage Place, Charlotte, NC 28207. Or call: 
(704) 334-7311. 


SOUTHEAST COAST — Pediatric neurologist 
needed for busy practice, currently with one pediat- 
ric and two adult neurologists with strong academic} 
backgrounds. CT, EEG, EMG and physical therap | 
available in office with consult practice in three hos- 
pitals. First year guarantee of $80,000 plus bonus, 
leading to full partnership after two years. Earnings 
potential, quality of life, availability of strong multi- 
specialty support are extraordinarily attractive. Reply 
to: Savannah Neurological Associates, P.C., Post 
Office Box 23059, Savannah, GA 31403. 











NEUROLOGIST for multi-specialty pain treatment 
center in San Diego. Work with orthopedist, physi- - 
cal therapists, psychiatrist. Established 1977. CV to: 
K. Shandell, MD, 1075 Camino Del Rio South, San “ 
Diego, CA 92108. 








MIDWEST UNIVERSITY COMMUNITY — General 
neurology practice with opportunity to pursue sub- ` 
specialty interests. Extensive referral network 
already exists. Six figure income. Urban oriented 
community provides sophistication and culture. . 
Contact in confidence: Stephanie Singer, (800) 
327-1585. 





MINNEAPOLIS/ST. PAUL — Neurologist: BC/BE 
adult neurologist for both inpatient and outpatient 
settings with expertise in EMG desired, to join a 
group of three neurologists. The Neurology Depart- 
ment is part of a large multi-specialty group practice ` 
and staff model HMO. This practice of 32 years 
serves more than 250,000 members. Work in a chal- 
lenging environment with excellent salary and bene- 
fits. Please send curriculum vitae to: Group Health, | 
Inc., Physician Services, 2829 University Avenue SE, | 
Minneapolis, MN 55414. 
















ADULT NEUROLOGIST: BC/BE to join well 
established neuroscience group in a rapid 
growing community of southern California. 
EEG, EMG and EP skills necessary. Competi- 
tive salary with excellent benefits. Please send 
CV to: Administrator 

Antelope Valley Neuroscience Medical Group 

44902 North 10th Street West 

Lancaster, CA 93534 e Or call: (805) 945-6931 


NEUROLOGIST: Position available for second neu 
rologist in a primary care group practice of 14 phy: 
sicians. Located in northeastern Kentucky. Are 
offers national forest and 9,000 acre lake. Commun 
ty has state university and 156-bed fully accredite: 
acute care hospital. Guaranteed or formula wit | 
fringe benefits. Contact or send CV to: Phillip .; 
Martin, Administrator, Morehead Clinic, 234 Medi: 
cal Circle, Morehead, KY 40351. (606) 784-6641. 












SAN FRANCISCO — Outstanding opportunity fo 
BC/BE neurologist at 260-bed primary care hospita. 
in the growing South of Market area. Excellent op- 
portunity to build practice. Send CV to: Kennet 
Barnes, MD, Chief of Medicine, c/o Walter Kopp, St 
Luke's Hospital, 3555 Army Street, San Franciscc 
CA 94110. (415) 641-6543. 






Cognitive Neuroscience Fellowship 






offered by the 


Cognitive Neuroscience Section 
Medical Neurology Branch 
National Institute of Neurological Disorders and Stroke 
National Institutes of Health, Public Health Service 
Starting Date: Immediately 







We are seeking a psychologist with a strong interest in visual perception, attention, and/or 
mputer modelling of cognitive processes. Exceptional candidates with other areas of interest 
ill be considered. The Staff Fellow position will be in the Cognitive Neuroscience Section of 
e Medical Neurology Branch, NINDS, NIH. The Cognitive Neuroscience Section conducts 
esearch in the following areas: Memory and Amnesia, Neurolinguistics and Aphasia, Visual 
‘Attention, Perception and Agnosia, Cognitive Psychophysiology, Frontal Lobe Functions, and 
Knowledge Representation using cognitive science, neuropsychological and evoked-response 
techniques. A variety of normal control and patient populations are being studied including 
| Stroke, Parkinson's Disease, Cerebellar lesions, Alzheimer's Disease, Encephalitis, 
; Demyelinating Disorders, HIV Dementia, Brain Tumors, Head Injury, Multiple Personality 
Disorder, Chronic Fatigue Syndrome, Dystonia, and Progressive Supranuclear Palsy. The 
ability to conduct original research, as well as engage in collaborative research, is required. 
‘The position also requires supervising a neuropsychological study of HIV-Dementia. 
Candidates with clinical experience are encouraged to apply. 































The Cognitive Neuroscience Fellowship includes tutorial training in neurobehavioral assess- 
ment and diagnostics, participation in clinical rounds, development of research projects, and 
seminar presentations. The training program is oriented towards developing skills and 
credentials for a career in academic neuropsychology. As a Staff Fellow, your salary will range 
from $24,000 to $40,345 depending on experience and qualifications. Travel expenses and 
Federal health care benefits are available. 


] For further information, please contact: 


Jordan Grafman, Ph.D., Chief, rl INg 
i^ } : N > 
Cognitive Neuroscience Section, 9 
Medical Neurology Branch, NINDS, NIH i 
9000 Rockville Pike, Building 10, Room 5C422 z 
Bethesda, Maryland 20892 
(Phone: 301-496-0220) 


O, x 
HENS 


Interested candidates should send a vitae, statement of research interests, representative 
reprints or pre-prints, and three letters of recommendation to Dr. Grafman. For further 
information on qualification requirements contact Janet Clagett, NINDS Personnel Office, 
. (301) 496-6334. 
! NIH IS AN EQUAL OPPORTUNITY EMPLOYER 
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. Professional Opportunities 


CHAIRMAN, Department of Neurology — Cleveland 
Clinic Foundation, an equal opportunity employer, 
is considering qualified candidates for the position 
of head of neurology in this large complex depart- 
ment. Reply with CV to: D. Roy Ferguson, MD, 
Cleveland Clinic Foundation, One Clinic Center, 
9500 Euclid Avenue, Cleveland, OH 44195. 


Minneapolis/St. Paul 
NEUROLOGIST 


BC/BE adult neurologist for both inpatient and 
outpatient settings with expertise in EMG desired, 
to join a group of four neurologists. The neurol- 
ogy department is part of a large multi-specialty 



























group practice and staff model HMO. This prac- 
tice of 32 years serves more than 250,000 
members. Work in a challenging environment 
with excellent salary and benefits. Please send 
curriculum vitae to: Group Health, Inc., Physician 
Services, 2829 University Avenue Southeast, 
Minneapolis, MN 55414. 


NEUROLOGIST — Excellent opportunity to join the 
staff of the largest and oldest private headache clinic 
in the U.S. In addition to the outpatient facility, a 
35-bed inpatient unit is located at a University of 
Chicago affiliate hospital. In addition to clinical 
practice, the staff actively participates in research 
and publishing. For further information, please con- 
tact: Seymour Diamond, MD, Director, Diamond 
Headache Clinic, 5252 North Western, Chicago, IL 
60625. (312) 878-5558. 


NEUROLOGIST — Exceptional opportunity on 
Florida Gulf Coast for aggressive individual with 
strong clinical skills. Varied practice mix, including: 
office and hospital consults, eletromyography, nerve 
conduction studies, legal evaluations, depositions 
and court appearances as an expert witness. Com- 
plete support is provided, including: existing referral 
base, practice set-up, billing and collection service, 
marketing, diagnostic equipment and technologists. 
Unique partnership arrangement offers above aver- 
age earning potential with guaranteed minimum 
base. Reply: Box #806, c/o AON. 


— ARZANA, 
HOLT Y KROCK CLINIC 


NEUROSURGEON 


BC/BE neurosurgeon to join 
established 95-physician multi- 
specialty clinic located in 
beautiful northwest Arkansas. 
Holt-Krock Clinic is the 33rd 
largest free-standing clinic in 
the nation serving a patient 
base of 400,000 in Arkansas 
and Oklahoma. 


We offer a relaxed, patient- 
oriented practice setting and a 
guaranteed salary with full 
partnership in two to two and a 
half years, plus excellent fringe 
benefits. 680-bed hospital and 
new rehabilitation hospital two 
blocks from main clinic. 


For details regarding this 
opportunity, send letter and 
V to: 
















































Mrs. Josephine Decker 
Associate Administrator 


HOLT-KROCK CLINIC 
1500 Dodson Avenue 
Fort Smith, AR 72901 
(501) 782-2071 








ARA 






















Professional Opportunities 


PROGRESSIVE NATIONALLY known and fully 


accredited group medical practice specializing in 
head pain disorders, psychophysiological and 
behavioral illness, and general neurology seeks an 
energetic, personable, highly communicative clini- 
cal neurologist (BC/BE) to join fellow neurologists, 
internists, P.A., PhD psychologists, and clinical staff 
nurses in private neurological center. In addition to 
its free-standing outpatient location, group admits 
to its own 16-bed inpatient service in private hospi- 
tal. Clinical research and teaching opportunities 
available. Excellent living environment in highly 
regarded university community with superb recrea- 
tional, cultural and educational activities. Opportu- 
nities for advancement commensurate with motiva- 
tion, skill and achievement. CV to: Joel R. Saper, 
MD, F.A.C.P., Michigan Head-Pain & Neurological 
Institute, 3120 Professional Drive, Ann Arbor, MI 
48104. 


MDResources, Inc. 


SOUTHERN COLORADO 
Exceptional practice and area. Opportunity to 
work with highly respected multi-specialty 
group. Practice to include: adult neurology, 
EEG, EMG, evoked potentials, CT and MRI. 
This vibrant community of 150,000 is located 
along the front range of the beautiful Rocky 
Mountains providing for a lifestyle second to 
none. Highly competitive first year income 
plus comprehensive benefits and relocation 
followed by partnership offering. For further 
details reply to: 

Gerry E. Myers, 7385 Galloway Road 

Miami, FL 33173 
Or call: (800) 327-1585 





IDAHO — Multi-specialty group of 26 physicians 
needs neurologist. $80,000 plus bonus first year. 
Full stockholder status thereafter. Many fringe 
benefits and excellent outdoor recreational activi- 
ties in this agricultural area 20 miles from the state 
capital. Office adjacent to 165-bed hospital. Con- 
tact: Michael Crane, 215 E. Hawaii, Nampa, ID 
83686. (208) 467-1121. 


Neurologist 


BC/BE to join large 
multi-specialty 
group practice near 
Milwaukee, Wisconsin. 


Must have experience 
in EMG, EEG 
and evoked potential. 


Competitive salary and 
fringe benefits. 


Forward inquiries and 
CV to: 


Administrator 

P.O. Box 427 

Menomonee Falls 
WI 53051 
































Professional Opportunities — . 
ADULT NEUROLOGIST BC/BE — Quality oriented, 
well established, sophisticated hospital and office 
practice seeks fourth for July 1990 or later. Addi- 
tional neurophysiologic would be an asset. Send CV 


to: 2919 Swann Avenue, Suite 301, Tampa, FL 
33609. 











PRACTICE — CLINICAL NEUROLOGIST to join| 
longstanding adult clinical practice in souther' - 
California. All diagnostic modalities available. Repl., - 
with CV to: Box #808, c/o AON. 


$150,000 NET GUARANTEE 
SOUTHWESTERN COMMUNITY 
REGIONAL MEDICAL CENTER 


Our client, a 283-bed regional medical cen- 
ter, is seeking two BC/BE neurologists to join 
in close association with their existing 
neurosurgeon. 

The medical center will expedite the start- 
up time by providing all equipment, office 
space, personnel and other cost associated 
with the practice including an attractive finan- 
cial package. 

If you would like further information on this 
opportunity, please call: Michael Stakebake at 
(800) 776-5776. Or send a copy of your cu”: 
ulum vitae to: ; 

CEJKA & COMPANY 
1034 South Brentwood Boulevard 
St. Louis, MO 63117 


































































CHARTER MEDICAL CORPORATION is seek 
BC/BE neurologists in various locations throughc,! 
the U.S. Guaranteed salary/income plus incentive 
and benefits provided for group, associate or sol 
practices. Urban, suburban and rural locations. Cé 
Donna Gabel at (800) 841-9403 for further inform 
tion. Or send CV to: P.O. Box 209, Macon, GA 312€ 












NEUROLOGIST with EEG, EMG and evoked pote 

tial experience for busy neurology office. Full-tir : 
position. Heavy Spanish, Oriental (Japanese, CI 
nese, Vietnamese and Korean) population. Lc 
Angeles area. (213) 733-4891. 
























Neurologist | 


VA Medical Center 
Dayton, Ohio 
Department 
of Neurology 


Wright State University 
School of Medicine is seek- 
ing a third neurologist to 
staff a 21-bed service at the 
VA Medical Center. Must 
have interest in undergrad- 
uate and resident teaching. 
Ample opportunities exist 
for clinical or basic research. 


Salary and academic rank 
will depend on training and 
experience. Send CV to: 


Thomas Mathews, MD 
Neurology Service (127) 
4100 West Third Street 
Dayton, OH 45428 
Or call: 
(513) 262-2161 


An equal opportunity employer. 













Behavioral Neurology Fellowship 





offered by the 


Medical Neurology Branch 
National Institute of Neurological Disorders and Stroke 
National Institutes of Health, Public Health Service 


Starting Date: July 1, 1990 


"Ve are initiating a Behavioral Neurology Fellowship beginning July, 1990. We are seeking a 
CCard Certified or eligible neurologist with a strong research interest in the brain mechanisms 
“derlying cognitive functioning. The Clinical Associate position will be in the Cognitive 
"euroscience Section which is closely allied with the Human Motor Control Section of the 
^edical Neurology Branch, NINDS, NIH. The Cognitive Neuroscience Section conducts 
| research in the following areas: Memory and Amnesia, Neurolinguistics and Aphasia, Visual 
Attention, Perception and Agnosia, Cognitive Psychophysiology, Frontal Lobe Functions, and 
Knowledge Representation using neuropsychological and evoked-response techniques. A 
variety of patient populations are studied including Stroke, Parkinson's Disease, Cerebellar 
. esions, Alzheimer's Disease, Encephalitis, Demyelinating Disorders, HIV Dementia, Brain 
"Tumors, Head Injury, Multiple Personality Disorder, Chronic Fatigue Syndrome, Dystonia, and 
.Crogressive Supranuclear Palsy. The initiation of experimental pharamacological intervention 
y ema in patients suffering from Alzheimer's Disease and other progressive dementias is 
| 2ncouraged. 






| The Behavioral Neurology Fellowship includes tutorial training in neurobehavioral assessment 
and diagnostics; participation in clinical rounds, development of research projects, and 
seminar presentations. The training program is oriented towards developing skills and 
credentials for a career in academic neurology. Clinical Associates receive an initial salary of 
| $37,000 a year. Moving expenses, travel expenses and Federal health care benefits are 
available. 


For further information, please contact: 


Jordan Grafman, Ph.D., Chief wrt INS, 
Cognitive Neuroscience Section 9 a 
^ EB zi 
Medical Neurology Branch, NINDS, NIH 2€ S) m 
Building 10, Room 5C422, 9000 Rockville Pike Op ES 
Bethesda, Maryland 20892 HEN- 


(Phone: 301-496-0220) 
_, For further information on qualification requirements contact Janet Clagett, NINDS Personnel 
| Office, (301) 496-6334. 


j NIH IS AN EQUAL OPPORTUNITY EMPLOYER 
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CHILD NEUROLOGY — San Francisco Bay area. 


Oakland is seeking a pediatric neurologist with a 







ren's Hospital is a major regional tertiary referral and 
diagnostic center for northern California with 192 
beds, 110 full-time faculty and a 60-member com- 
petitive residency training program. Research op- 















pediatrics and the Children's Hospital of Oakland 
Research Institute. Board-eligibility or -certification 


are desirable. Interested applicants should send 
their curriculum vitae to: Majeed Al-Mateen, MD, 


land, 747 52nd Street, Oakland, CA 94609. 


NEUROLOGIST 


BC/BE, full- or part-time, for expanding San 
Francisco Bay area. Private practice with 
emphasis on clinical occupational neurology 
and med-legal evaluations. Expertise in EMG, 
EEG and EP desired. Excellent reputation, 


referral base, facilities and support staff. 
Ungiue income opportunity. 
Submit CV and letter stating professional 
goals, and availability to: 
PERSONNEL 
2040 POLK STREET, BOX 337 
SAN FRANCISCO, CA 94109 





































PHYSICIAN OPPORTUNITIES IN ARIZONA: Thomas- 
Davis Medical Centers, P.C., a rapidly expanding 
multi-specialty group practice of 110 plus physi- 
cians in Tucson, Green Valley, and Tempe, Arizona, 
has neurology positions available in Tucson. Excel- 
lent fringe benefits and profit sharing program. 
Guarantee for first two years, plus incentive. Early 
shareholder. Fee-for-service, as well as owned 
HMO. Must be board-eligible or -certified. Call or 
write: James J. Vitali, Chief Executive Officer, 
Thomas-Davis Medical Centers, P.C., P.O. Box 
12650, Tucson, AZ 85732. (602) 322-2525. 


IMMEDIATE OPENING 
FORA 


GENERAL 
IEUROLOGIST 


Private practice opportunity avail- 
able immediately in east Tennessee 
with a well established neurologic 
practice. 


Candidate should be BE/BC with 
competence in EEG, EMG and 
evoked potentials. Compensation 
individually negotiable. Excellent 
benefits also included. There is a 
wide variety of recreational facilities 
also available in the area. 


Please submit CV to: 


pw EAST 


TENNESSEE 
NEUROLOGY 
CLINIC 


Suite 501 
Baptist Professional 
Building 
Knoxville, TN 37920 
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The Division of Neurology of Children's Hospital of 


commitment to patient care and teaching. Child- 


portunities are available with other divisions of 


in neurology with special qualification in child neu- 
rology is required. Cendidates with expertise in epi- 
lepsy, neonatal neurology, and/or neuro-oncology 


Division of Neurology, Children's Hospital of Oak- 





NEUROLOGIST — Multi-specialty group in 
Roanoke, Virginia, with two board-certified, fellow- 
ship trained neurologists seeks third BC/BE neurol- 
ogist. Fellowship training and/or 1-2 years practice 
experience desired. EMG and EEG experience 
desired. MR Scan, CT Scan, EEG, EMG, evoked 
potentials, ENG in place. Reply with CV to: Neurol- 
ogy, Lewis-Gale Clinic, Inc., 1802 Braeburn Drive, 
Salem, VA 24153. 





NEUROLOGIST, BC/BE — Wanted to join estab- 
lished neurology group in expanding south eastern 
Pennsylvania practice. Excellent private practice 
opportunity. Potential for partnership. Reply: Box 
#807, c/o AON. 


Fellowships 


STROKE — Intensive care fellowship position: 
Available July 1, 1990, a fellowship in stroke and 
intensive care neurology for one year with option 
to renew. Candidates should have completed a neu- 
rology residency and be board-eligible. The candi- 
date will participate in ongoing clinical stroke 
projects. Opportunities for experience in sleep neu- 
rology and pain management are also available. 
Interested parties contact: David C. Anderson, 
Department of Neurology, Hennepin County Medi- 
cal Center, 701 Park Avenue South, Minneapolis, 
MN 55415. (612) 347-2595. 


A TWO YEAR Movement Disorder Fellowship, 
including clinical or basic research and beginning 
July 1, 1990, is being offered to qualified applicants 
who are interested in clinical research and training 
in movement disorders, including Parkinson's dis- 
ease, Huntington's disease, and Tourette's syn- 
drome. Special opportunities are available for 
research of experimental therapeutic methods. Fel- 
lowship stipend is commensurate with experience. 
Applicants must have an MD degree and have com- 
pleted approved residency training in neurology. 
Candidates should send CV and three references 
to: Ira Shoulson, MD, or Roger Kurlan, MD, Depart- 
ment of Neurology, Box 673, University of Roches- 
ter Medical Center, 601 Elmwood Avenue, Rochester, 
NY 14642. An equal opportunity employer. 








ALSCHULER FELLOWSHIP in Clinical Neurology 
available in Department of Neurology of Michael 
Reese Hospital and Medical Center beginning July 
1, 1990. Fellowship provides training and research 
opportunities in neuroepidemiology, cerebrovascu- 
lar disease, drug trials, dementia, decision analysis, 
and expert systems under director of Drs. Daniel 
Hier and Philip Gorelick. Send inquiries to: Dr. 
Daniel Hier, Chairman, Department of Neurology, 
Michael Reese Hospital and Medical Center, Lake 
Shore Drive at 31st Street, Chicago, IL 60616. 


TWO CEREBROVASCULAR Disease Fellowships 
are available, one or two years, beginning July 1, 
1990, in the Department of Neurology, Henry Ford 
Hospital. These fellowships offer comprehensive 
training programs in pathophysiology, diagnosis 
and management of cerebrovascular disorders, 
including migraine, within an NIH funded center for 
cerebrovascular disease research. A Javits Junior 
Clinical Investigator Fellowship is available to one 
competitive candidate. The department evaluates 
almost 600 patients with cerebrovascular disease 
yearly, has a stroke and migraine clinic, and a clini- 
cal/clinical research, four-bed acute stroke unit. 
Clinical and basic science research opportunities 
available in: in-vivo NMR spectroscopy of human 
and animal cerebral ischemia, 133-Xenon inhalation 
regional cerebral blood flow, non-invasive carotid 
dopplers, transcranial doppler, platelet function 
laboratory, HFH stroke center data bank, and exper- 
imental drug studies in stroke and migraine. Appli- 
cants should have completed an accredited neurology 
residency and be board-eligible/-certified. Salary 
commensurate with experience. Please send letter 
of inquiry to: K. M. A. Welch, MD, Chairman, or 
Steven R. Levine, MD, Director, Center for Stroke 
Research, Department of Neurology, Henry Ford 
Hospital, 2799 West Grand Boulevard, Detroit, MI 
48202-2689. Telephone: (313) 876-3396. 





PLEASE NOTE — Address replies to box number 


ads as follows: Box number,  .. ., c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 











FELLOWSHIPS 


Behavioral Neurology 
of Aging 
































The University of Pittsburgh 
School of Medicine has fellow- 
ships available for a one- or two- 
year research-oriented program 
aimed at training clinician 
researchers in the Behavioral 
Neurology of Aging. 


Candidates must be M.D.s. 
Preference will be given to those 
who have completed a residency 
in neurology, psychiatry, or inter- 
nal medicine. 











































Contact: O.M, Reinmuth, M.D. 
Depf. of Neurology 


University of Pittsburgh 
SCHOOL OF MEDICINE 
Pittsburgh, PA 15261 


(412) 648-9200 






COGNITIVE NEUROLOGY FELLOWSHIP: The 
Department of Neurology, University of Minnesota, 
offers a fellowship in Cognitive Neurology, available 
July 1, 1990 for one to two years. The position will 
include both clinical experience in evaluating and 
caring for patients with cognitive disorders (princi- 
pally Alzheimer's disease), in outpatient, long-term 
care and experimental therapeutic settings; anc 
research experience in the cognitive psychology of 
memory function. Prospective applicants must have 
completed a U.S. or Canadian Neurology residency, 
and have a strong interest in research. Address 
inquiries to: David Knopman, MD, Department of 
Neurology, Box 295, University of Minnesota Hospi- 
tals, Minneapolis, MN 55455. The University of Min- 
nesota is an equal opportunity educator and 
employer and specifically invites and encourages 
applications from women and minorities. 





MOVEMENT DISORDER FELLOWSHIP: Two-year 
clinical and laboratory postgraduate training is 
available for neurologists interested in Parkinson's 
disease and other movement disorders. Under 
direction of H.L. Klawans, C.G. Goetz, C.M. Tanner 
and C.L. Comella, Rush-Presbyterian-St. Luke's 
Medical Center. Contact: C.G. Goetz, 1725 West 
Harrison Street, Chicago, IL 60612. 


Faculty Positions 


NEUROLOGIST — The Department of Neurology 
at the Long Island Jewish Medical Center, seeks two 
additional full-time staff neurologists. Candidates 
should be board-certified/board-eligible and qualify 
for faculty appointment at the Albert Einstein Col- 
lege of Medicine at the assistant or associate profes- 
sor levels. Responsibilities include clinical practice 
and medical student and resident teaching. Special 
expertise in neuromuscular disorders, EMG or 
cerebrovascular diseases desirable. Ample oppor- 
tunities for clinical research. Attractive benefits 
package. Send CV and letter of inquiry to: Steven H. 
Horowitz, MD, Acting Chairman, Department of 
Neurology, Long Island Jewish Medical Center, 
New Hyde Park, NY 11042. The Long Island Jewish 
Medical Center is the Long Island Campus for the 
Albert Einstein College of Medicine. Equal opportu- 
nity employer. 










Faculty Positions 


{ OMPUTER APPLICATIONS in neurology. Aca- 
"Pmic neurologist sought to head section dedicated 
D» exploring computer applications including expert 
p/stems, decision analysis, computer modeling, 
ind neural networks. Send resume to: Daniel B. 
Ser, MD, Head, Department of Neurology, mc796, 
piversity of Illinois at Chicago, Box 6998, Chicago, 
4 60612. UIC is an AA/EOE. 
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“DIATRIC NEUROLOGIST position available at 
nepin County Medical Center with the rank of 
3tant professor without tenure. HCMC is an 
emic medical center affiliated with the Univer- 
of Minnesota. The neurology department has an 
pening for a BE/BC pediatric neurologist with 
imary interests in clinical and education activities, 
us some clinical research. A special interest in 
ediatric head trauma, sleep disorders, or neuro- 
uscular diseases would be welcomed. Salary is 
Ippropriate to experience and expertise. Interested 
pplicants please send a CV and three letters of 
ommendation to: M.G. Ettinger, MD, Chief of 
urology, Hennepin County Medical Center, 701 
k Avenue South, Minneapolis, MN 55415 by 15 
rch 1990. Hennepin County Medical Center and 
p University of Minnesota are equal opportunity 
ployers and specifically invite and encourage 
Pplications from women and minorities. 


































UNIVERSITY OF IOWA 
COLLEGE OF MEDICINE 


Department of Neurology 


PET RESEARCH IN 
COGNITIVE NEUROSCIENCE 
Thereis a tenure track faculty position open for an 
investigator with an established record of research 
in cognitive neuroscience utilizing Positron 
Emmission Tomography. This is an opportunity 
to join a leading center for the investigation of 
neural substrates of cognition, and take advan- 
tage of unusual integrated facilities and expertise. 
^ +The University of lowa is an affirmative action/ 
equal opportunity employer. Women and minori- 
_ ties are encouraged to apply. Contact: 
f Antonio R. Damasio, MD, PhD 
Professor and Head, Department of Neurology 
University of lowa, lowa City, IA 52242 





















AL 

| CADEMIC NEUROLOGISTS are sought by the 
| niversity of Oklahoma College of Medicine. These 
aculty positions enjoy a balanced mixture of aca- 
emic responsibilities in the teaching of medical 
-'udents, residents, and peers, a variety of patient 
sare milieus, and both bench and bed research. An 
xperienced and visionary child neurologist is 
sought for the Chief of Child Neurology; we wish to 
| develop additional child neurology faculty in genet- 
ics and transplantation. Adult neurologists special- 
j zing in oncology, coagulation and blood flow, epi- 
llepsy surgery, and aging are highly desirable. Must 
ave completed residency training in neurology, 
subspecialty fellowship in the area of expertise, and 
pe board-eligible. Submit a letter elaborating your 
'"»ackground and interests with your CV to: Robert 
4. Shuman, MD, Interim Chair, Department of 
' Neurology, University of Oklahoma College of Med- 
cine, P.O. Box 26901, Oklahoma City, OK 73190. 
Applications will be accepted continuously until our 

rowth potential is filled. EO/AA employer. 

































HIEF, NEUROLOGY SERVICE — The VA West 
Side Medical Center is reviewing qualified candi- 
ates for Chief, Neurology Service. We are a 500- 
bed acute care tertiary referral facility in the West 
Side Medical Center complex of Chicago, adjacent 
to the University of Illinois at Chicago College of 
Medicine. We seek applicants of exceptional ability 
in clinical care, teaching, research and administra- 
tion. The WSVAMC inpatient Neurology Service 
consists of 20 beds with 388 admissions per year, 
gctive outpatient clinic with 4,370 visits per year, and 
4.0 residents in the combined integrated program 
| ith the University of Illinois at Chicago, every resi- 
lent rotating through the West Side Veterans Admin- 
stration Hospital. A competitive salary/benefit 
ackage is available. (EOE). Interested applicants 
hould send curriculum vitae to the chairman of the 
pearch committee: Prakash Desai, MD, Chief, Psy- 
hiatry Service, West Side VA Medical Center, 820 
South Damen, Chicago, IL 60612. 
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Faculty Positions 


FACULTY POSITION available at the assistant pro- 
fessor level in the Department of Neurology at the 
University of Illinois at Chicago. The department 
seeks applicants with expertise in stroke, dementia, 
neuro-oncology, neuro-geriatrics, neuro-epidemi- 
ology, pain, or electromyography. Send letter of 
interest and curriculum vitae to: Daniel B. Hier, MD, 
Head, Department of Neurology, mc796, University 
of Illinois at Chicago, Box 6998, Chicago, IL 60680. 
UIC is an AA/EOE. 


FACULTY POSITIONS 


The Department of Neurology of the University of 
lowa College of Medicine is actively recruiting for 
new faculty. A research background is essential. 
Appointees are expected to conduct an active 
program of neuroscientific investigation. Respon- 
sibilities include neurologic patient care and teach- 
ing of medical students and residents. All faculty 
serve in full-time status. The University of lowa is 
an affirmative action/equal opportunity employer. 
Women and minorities are encouraged to apply 
Contact: 
Antonio R. Damasio, MD, PhD 
Professor and Head 

Department of Neurology, University of lowa 

lowa City, IA 52242 




















NEUROLOGIST — BC/BE. The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. McIntosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3516 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 


audience of over 19,000. 


20 words. 


Insert my ad — 
Place my ad under the heading 


We Target The Physician 
You Want! 


The Archives of Neurology's classified recruitment advertising section is 
seen precisely by the physician you need — all neurologists, child 
neurologists and neurological surgeons. A total targeted physician 


Find the physician you need now. Send us your advertising order today. 
Just complete the coupon below and attach your typewritten copy. The 
next available issue is June which closes Wednesday, April 25th. 


The classified rate is $ .95 per word for one issue. For three issues or 
more, the rate is $ .85 per word per issue. Minimum classified ad is 


ORDER FORM 
times, beginning with the 








Residencies 


NEUROLOGY RESIDENCY. PGY2 position avail- 
able at University of Illinois at Chicago for July 1990. 
For information contact: Daniel B. Hier, MD, Head, 
Department of Neurology, University of Illinois, 912 
South Wood, Chicago, IL 60612. Telephone: (312) 
996-6496. 





NEUROLOGY RESIDENT — A PG3 residency posi- 
tion beginning July 1, 1990 is available in the 
Department of Neurology, University of lowa Hospi- 
tals and Clinics. Contact: Robert L. Rodnitzky, MD, 
Department of Neurology, University of lowa, lowa 
City, IA 52242. Telephone: (319) 356-8754. The Uni- 
versity of lowa is an affirmative action/equal oppor- 
tunity employer. Women and minorities are encour- 
aged to apply. 


Positions Available 


POST-DOCTORAL RESEARCH and training in 
cognitive neuroscience. Immediate applications are 
invited for 2-3 year post-doctoral training in cogni- 
tive neuroscience at Dartmouth Medical School and 
College. Particular interests include investigators 
experience in ERPs, anatomy and/or cognitive 
science, and behavioral neurology. Send vitae and 
two letters to: M.S. Gazzaniga, Program in Cognitive 
Neuroscience, Dartmouth Medical School, Hanover, 
NH 03756. 





Positions Wanted 


PhD AUDIOLOGIST/ELECTROPHYSIOLOGIST 
with 16-plus years experience including teaching, 
research and providing audiological evaluations, 
ENG, ABR, hearing aids, EEG, SSEP, etc. | am seek- 
ing a position beginning Summer 1990. (301) 
345-7076. 
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DALLAS/FORT WORTH 


Home Office: 2929 Race Street 


MIDAS REX™ Institute 
HANDS-ON WORKSHOPS* 


“Modern Dissection Techniques of Bone, Blometals, Bloceramics, and Bloplastics” 


Neuro 700 

MAY 7-8-9 * 17-18-19 

JUNE 25-26-27 

JULY 12-13-14 + 30-31-August 1 
AUGUST 9-10-11 ° 20-21-22 


WORKSHOPS: The workshops are held each day from 7:00 a.m. 
to 1:00 p.m. They emphasize a series of structured exercises, 
utilizing appropriate animal bones, skeletal bones, bioplastics, 
and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, 
MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700)—dissection skills for bonework of 
the head and spine, including attention to bioplastics and 
biometals as applicable. 


OR PERSONNEL 

(ORP 700)— 

dissection skills to 
become familiar with the 
applications of power 
instrumentation; and y 
participation in problem ~ 
solving, care and proper f 
maintenance of power 
equipment. 


QRP 700 
For OR Personnel only: 
JULY 16-17-18 


ENROLLMENT: Fee (US$): Surgeon $965.00; 


Fellow/ Resident $585.00 (with letter from rtment Head); 


All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Dallas/Fort Worth Symposium." 

Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, TX 76111. 

Phone: 800-433-7639 or 817-831-2604. 


"Enrollment is limited. 
Please call to reserve 
space before sending 
check or arranging 
travel plans. All enrol 
ments are made 
through the Midas Rex 
office in Fort Worth. 


Join the more than 
8,000 enrollees who 
have completed Midas 
Rex Hands-On Work- 


shops. 
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The AMA 
Hospital Medical Staff Section 


Fifteenth Assembly Meeting 


June 21-25, 1990 
Chicago Marriott Hotel 
Chicago, Illinois 


Highlights of the Annual Meeting will include: 


* an educational program entitled, "Building Effective Hospital Physician 


the results of his study on the working relationships between ten selected 
hospitals and their medical staffs; 


* presentation by the AMA-HMSS Governing Council of reports on medical 
staff issues including the Impact of Hospital Bankruptcy, the Role of Hospital 
Governing Boards in Professional Review, and Information Sharing Among 
Medical Staffs; 

* recommendation of policy to the House of Delegates on Prioritization of 


Health Care Expenditures and Notification of Denials by the PRO; 


* AMA-HMSS Governing Council elections for the positions of Chairman, 
Vice-Chairman, Secretary, and one Member-at-large. 


For Information Contact: 

Department of Hospital Medical Staff Services 
American Medical Association 

535 North Dearborn Street 


Chicago, Illinois 60610 
Phone (312) 645-4754 or 645-4761 





7 TEC A DG32 Redefining fhe shape, of EEG 










































In 1924 Hans Berger first 
recorded the electrical activi 
of the brain. EEG was born. 
Instruments were designed « 
developed, but from the mi’ 
50's—Aalmost 35 years— 
technology and equipment ; : 
remained the: same ...Unti! 
now! As a new decade dc v 
TECA introduces the DG.3 
the next dimension in EE: 


The DG32 offers a variety 
of improved features and 
revolutionary techniques ... 
optical disc storage 
dramatically reduces stora; 
needs and allows easy 
remontaging and reforma'tii 
high resolution thermal 
printing eliminates mess a: | 
the need to recalibrate; 
comprehensive reporting 
capabilities; state of the ar: 
controls and ergonomic desi: 

The TECA DG32 is truly 
a breakthrough for EEG 
technology. Developed and 
manufactured in the USA by 
TECÀ Corporation—a lead: 
in the neurodiagnostic indu. — 
providing a full line of 
accessories and supplies, are i 
backed by a nationwide ne 
work of service and suppor.. 


TECA CORPORATION Three Campus Drive, Pleasantville, NY 10570 
(914) 769-5900 e 1-800-GET-TECA e FAX: (914) 769-9045 


